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ABSTRACT
P a r t  I i s  a s tudy  of the  p r e c l r l t a t i o n  by ammonium 
an* sodium ben zoa te  v' th e  s i x  Dolyvaient  metalB: alum­
inum, ant imony ,  bismuth,  c h r o m l u m ( I I I ) t l r o n ( I I I ) ,  and 
t l n ( T V ) ,  which c o n s t i t u t e  th e  b a s i c  ben z oa t e  srroup of the  
L. S.  U. q u a l i t a t i v e  a n a l y s i s  scheme.
Completeness  of  D r e c l o l t a t l o n  was s t u d i e d  as  a f u n c ­
t i o n  of  pH. The meta l s  were found to  p r e c i p i t a t e  q u a n t i ­
t a t i v e l y  a t  pH 3 .8  -  4 , 0 .
C o p r e e i p l t a t l o n  s t u d i e s  were c a r r i e d  ou t  f o r  c o p p e r ( I I ) ,  
n i c k e l ,  c o b a l t ( I I ) ,  manganese{I I ) ,  cadmium, z in c ,  magnesium, 
c a lc iu m ,  bar ium , s t r o n t iu m ,  and a r s e n i c .  One of t h e s e  
m e ta l s  t o g e t h e r  w i th  th e  s i x  b a s i o  b en z o a te  m e ta l s  was 
p la c e d  In  s o l u t i o n ,  a l l  a t  e q u a l  c o n c e n t r a t i o n s ,  and p r e ­
c i p i t a t e d  a t  pH 4 .  Both f i l t r a t e  and p r e c i p i t a t e  were 
a n a ly z e d  by a p p r o p r i a t e  methods.  Only copper  and a r s e n i c  
were found to  c o p r e c i p i t a t e  In s i g n i f i c a n t  q u a n t i t i e s .  
A pprox im ate ly  20# of  th e  copper  and 14# o f  the  a r s e n i c  
a p p e a r e d  in  th e  p r e c i p i t a t e .
D i f f i c u l t i e s  w i th  an t im ony ,  copper  and a r s e n i c  do n o t  
s e r i o u s l y  Im pair  the  u s e f u l n e s s  o f  t h e  b a s i c  ben zo a te  method 
a s  a gro u p  s e p a r a t i o n  In q u a l i t a t i v e  a n a l y s i s  o f  th e  common 
c a t i o n s .  For t h i s  purpose  I t  g i v e s ,  by a s im ple  p ro c e d u re ,  
a g ro u p  o f  c o n v e n ie n t  s i z e  In  t h e  f o r a  o f  an  e a s i l y  hand led  
p r e c i p i t a t e .
P a r t  I I  o f  th e  d i s s e r t a t i o n  p r e s e n t s  s y s t e m a t i c  Bpot 
t e s t  p ro ce dur es  f o r  a l l  the  c a t i o n s  of  the  L. £>. U. scheme.  
S ta n d a rd  t e e t s ,  e x c e p t  t h a t  used f o r  cadmium, a r e  a p p l i e d  
t o  the  group p r e c i p i t a t e s  of  the  scheme.
The new t e s t  f o r  cadmium, proposed in p a r t  I I ,  i s  more 
f u l l y  d i s c u s s e d  In th e  a p p e n d ix .  The r e a g e n t  i s  b r u c i n e  In 
a s o l u t i o n  of  e t h y l e n e d l a m l n e t e t r a a c e t l c  a c i d .  In  a s o l u t i o n  
c o n t a i n i n g  Io d i de  ion ,  the  b r u c i n e  g iv e s  a w h i t e  o r e c l p l t a t e  
w i t h  th e  t e t r a l o d o  cadlum comnlex,  I n t e r f e r e n c e s  a r e  removed 




The I n t r o d u c t i o n  of  a - s u c c e s s f u l  scheme of  q u a l i t a t i v e  
a n a l y s i s  i s  of  g e n e r a l  s i g n i f i c a n c e  to  th e  B d e n c e  of  
c h e m i s t r y .  Such schemes a r e  few in number and f a r - r e a c h i n g  
In t h e i r  b e n e f i c i a l  e f f e c t s .  They b roaden  chemic a l  knowledge,  
s o l v e  a n a l y t i c a l  p r o b le m s ,  and ,  a s  p e d a g o g i c a l  t o o l s ,  p la y  
s i g n i f i c a n t  r o l e s  in  t h e  t r a i n i n g  o f  f u t u r e  c h e m i s t s .  T h e i r  
i n d i r e c t  b e n e f i t s  a r e  o f  no l e s s  con se qu en c e .  Foremost  
among t h e s e  i s  t h e  s t i m u l a t i o n  o f  r e s e a r c h .  By s u p p ly i n g  
f r e s h  m o t i v a t i o n  and v i e w p o i n t ,  a sound q u a l i t a t i v e  scheme 
fo c u s e s  I n t e r e s t  on b ro ad  a r e a s  o f  c h e m i s t r y ,  many o f  w n ich ,  
p e r h a p s ,  have l a i n  i n  r e l a t i v e  o b s o u r l t y .  As t h e  scheme 
p a s s e s  from t h e  p r i n t e d  page  to  l a b o r a t o r y  u se  a t  t h e  hands  
o f  p r o f e s s i o n a l  and  s t u d e n t  o h e m ls t s ,  q u e s t i o n s ,  b o th  
t h e o r e t i c a l  and p r a c t i c a l ,  i n e v i t a b l y  a r i s e .  Many o f  t h e s e  
have been  f o r e s e e n  and  a n sw ere d  by th e  s c h e m e 's  a u t h o r s  
p r i o r  t o  p u b l i c a t i o n ;  o t h e r s  demand f u r t h e r  i n v e s t i g a t i o n .  
R e s e a rc h  p r o j e c t s  la u n c h e d  th e r e b y  owe t h e i r  s i g n i f i c a n c e ,  a t  
l e a s t  in  p a r t ,  t o  t h e  scheme which provoked th e  q u e s t i o n s .
An o u t s t a n d i n g  example  o f  power t o  s t i m u l a t e  an d  J u s t i f y  
r e s e a r c h  i s  p r o v id e d  by t h e  c l a s s i c a l  sy s tem  o f  q u a l i t a t i v e  
a n a l y s i s .  I n i t i a t e d  I n  1840 by P r e n e s i u s ,  t h i s  scheme h a s  
s u p p l i e d  m a t e r i a l  f o r  some 3000  p u b l i c a t i o n s  (41)  and  
r e m a in s  today  a r e w a r d in g  f i e l d  o f  i n v e s t i g a t i o n ,  a s  new 
p r e o l p l t a n t s  a r e  developed t o  r e p l a c e  g a s eo u s  hydrogen  
su lf id e .
The y e a r  1953 saw the  a p p e a r a n c e  o f  a new, n o n - s u l f l d e  
s y s t e m  of q u a l i t a t i v e  a n a l y s i s  which Is  r a p i d l y  p r o v i n g  I t ­
s e l f  a s u c c e s s f u l  and v a l u a b l e  c o n t r i b u t i o n  to  th e  f i e l d  of  
a n a l y t i c a l  c h e m i s t r y .  Devised  by t h r e e  members of  th e  
f a c u l t y  o f  L o u is ia n a  S t a t e  U n i v e r s i t y ,  P h i l i p  W. West ,  
F a u r l c e  Vick and th e  l a t e  A r t h u r  L. LeRosen (3 9 ) ,  
a n 4 c a l l e d  th e  L.S.U.  scheme ^rom I t s  p l a c e  o f  o r i g i n ,  I t  
has  r e p l a c e d  th e  c l a s s i c a l  scheme a t  t h i s  U n i v e r s i t y  and ,  
a s  l t b  a d v a n t a g e s  become known, Is  e s t a b l i s h i n g  I t s e l f  In 
many o t h e r  schoo lB.
L ike  i t s  8 u o c e s s f u l  p r e c e d e s s o r s ,  the  L .S.U.  scheme 
I s  showing I t s  a b i l i t y  t o  s t i m u l a t e  and add s i g n i f i c a n c e  
t o  new r e s e a r c h .  S e v e r a l  d i s s e r t a t i o n s  and p u b l i c a t i o n s  
by a number o f  w orkers  have a p p e a r e d  In  t h e  l i t e r a t u r e  
o r  a r e  In  p r o g r e s s .  ( 3 , 4 , 1 7 , 2 2 , 3 2 , 4 1 ) .
The p r e s e n t  d i s s e r t a t i o n  d e r i v e s  s u b j e c t  m a t t e r ,  
m o t i v a t i o n ,  and s i g n i f i c a n c e  from t h e  L .S .U .  q u a l i t a t i v e  
s y s t e m .  I t s  scope and meaning can  b e s t  be seen  In  r e l a t i o n  
t o  t h a t  p o r t i o n  o f  t h e  scheme which  d e a l s  w i th  the  common 
c a t i o n s .
C a t io n  groupB and group r e a g e n t s ,  as th ey  occu r  In  
t h e  L .S .U .  scheme a r e  a s  fo llo w s:
Group I :  The u s u a l  c h l o r i d e  g r o u p , p r e o l p l t a t e d  by
h y d r o c h l o r i c  a d d ,  o o n t a l n s  t h r e e  m e ta l  Io n s :  s i l v e r ,  
m e r o u r y ( I ) ,  and l e a d .
Group I I :  The b a s l o  b e a x o a t s  g r o u p ,  p r e c i p i t a t e d  f rom 
a medium b u f f e r e d  e t  pH 4 by a  m ix tu r e  o f  sodium and  ammon-
lum b e n z o a t e ,  c o n t a i n s  s i x  p o l y v a l e n t  c a t i o n s :  aluminum,
a n t im ony ,  bismuth,  chromium( I I I ), l r o n ( I J I ) ,  t l n ( I V ) ,
Group I I I :  The '‘l u o r l d e  g r o u p , p r e c i p i t a t e d  by s a t ­
u r a t e d  sodium f l u o r i d e ,  c o n t a i n s  f i v e  c a t i o n s :  ca lc ium,  
ba r i um ,  l e a d ,  magnesium, s t r o n t i u m .
Group IV: The non-amphote r lc  g r o u p , p r e c i p i t a t e d  by 
sodium hydrox ide ,  c o n t a i n s  seven b i v a l e n t  c a t i o n s :  cadmium, 
c o b e l t ,  c o p p e r ( I I ) ,  manganese( I I J , m e rc u ry {I I ), l r o n ( I I ) ,  
n i c k e l ,
Group V: The am phote r ic  g r o u p , c o n t a i n i n g  t h r e e  c a t i o n s ,  
z i n c ,  a r s e n i c ,  t l n ( I I ) ,  r e q u i r e s  no g roup p r e c i p i t a n t .
Group VI: A n a ly s is  f o r  th e  s o l u b l e  g ro u p , ammonium 
r a d i c a l ,  po ta ss iu m ,  and sodium, i s  acco m p l ish ed  by t e s t s  
f o r  t h e  I n d iv id u a l  Ions w i th o u t  p r i o r  s e p a r a t i o n  of  the  
g ro u p .
S e v e r a l  ad v a n ta g e s  of t h i s  o a t l o n  scheme a r e  Immedi­
a t e l y  a p p a r e n t .  Hydrogen s u l f i d e  I s  c o n s p ic u o u s ly  a b s e n t ;  
■ troub lem akers*  such a s  ant imony a r e  removed e a r l y ;  g roup  
r e a g e n t s  a r e  s im ple  to  u s e ,  I n e x p e n s iv e ,  and u n l i k e l y  to  
c a u s e  c o m p l ic a t io n s  In su b se q u en t  o p e r a t i o n s .  Less  obvious 
b u t  e q u a l l y  Im por tan t  a d v a n ta g e s  a p p e a r  on f u r t h e r  s tu d y .
An Im p o r tan t  o b j e c t i v e  of  t h i s  t h e s i s  i s  th e  promotion o f  
b e t t e r  u n d e r s t a n d in g  and more c o n v e n ie n t  use  of th e  new 
schem e.
The two p a r t s  of th e  d i s s e r t a t i o n ,  each  com plete  and 
d i s t i n c t  In  I t s e l f ,  a r e  l i n k e d  t o g e t h e r  by t h e i r  oonmon
s u b j e c t  m e t t e r  -  c a t i o n  a n a l y s i s  a c c o r d i n g  to  t h e  L .h .U .  
scheme.
P a r t  I I s  a s t u d y  of  th e  r e a c t i o n  which g i v e s  r i s e  to 
the  b a s i c  b e n z o a t e  g r ou p .  The s t u d y  1b e m D l r l c a l  In appr oac h  
and s e e k s  an s w e rs  t o  the  f o l l o w i n g  q u e s t i o n s :  How com­
p l e t e l y  a r e  th e  s i x  c a t lo nB  p r e c i p i t a t e d ?  What f a c t o r s  
f a v o r  q u a n t i t a t i v e  p r e c i p i t a t i o n ?  To what  e x t e n t  a r e  mem­
b e r s  o f  o t h e r  g r ou ps  c o p r e c i p i t a t e d ?  The an s w e rs  t o  t h e s e  
q u e s t i o n s  can  be summarized In a few words .  A f t e r  b o i l i n g  
a t  pH t h e  g ro u p  I s  q u a n t i t a t i v e l y  p r e c i p i t a t e d .  Except  
f o r  co p p e r  and a r s e n i c ,  c o p r e e i p l t a t l o n  of  o t h e r  m e t a l s  I s  
n e g l i g i b l e .
P a r t  I I  p r e s e n t s  s y s t e m a t i c  s p o t  t e s t  p r o c e d u r e s  f o r  
a l l  th e  c a t i o n s  o f  t h e  scheme. A new s p o t  t e s t  f o r  cadmium, 
one o f  t h e  p r o c e d u r e s  o f  P a r t  I I ,  I s  d i s c u s s e d  more f u l l y  
In  th e  A ppend ix .
PART I
PRECIPITATION OP POLYVALENT CATIONS PROW A BENZOATE WEDIUN
THE BASIC BENZOATE OROUP
CHAPTER 1
THE BASIC BENZOATE GROUP: GENERAL DISSCUSSION AND LITERATURE
SURVEY.
The second p r e c i p i t a t e  o f  th e  L .S.U. scheme b r i n g s  t o ­
g e t h e r  the  s i x  p o l y v a l e n t  m e ta l s :  an t imony,  aluminum, b i s ­
muth, c h ro m lu m (I I I ), l r o n { I I I ) ,  and t i n t I V ) ,  which con­
s t i t u t e  the  b a s ic  b en z o a te  g roup .  The name i s  a p p r o p r i a t e ,  
s i n c e  t h e  r e a g e n t  i s  a m ix tu re  of  sodium and ammonium 
b e n z o a te s  and t h r e e  of  th e  m e ta l s  come down a s  b a s i c  ben­
z o a t e  s a l t s .  Removing, a s  i t  does ,  s i x  problem m e ta l s  e a r l y  
In th e  p ro ced u re ,  t h e  p r e c i p i t a t i o n  Is  of  key im por tance  and 
d e s e r v e s  f u r t h e r  s tu d y ,  b o th  f o r  i t s  own m e r i t  and I t s  v a lu e  
to  th e  scheme.
The group p r e c i p i t a t i o n  I s  made p o s s i b l e  by t h e  w e l l  
known f a o t  t h a t  h y d ro x id e s  ( o r  hydrous  o x id e s )  and  b a s l o  com­
pounds o f  p o l y v a l e n t  m e t a l s ,  a r e  i n  g e n e r a l ,  f a r  l e a s  s o l u b l e  
th a n  th o s e  o f  d i v a l e n t  m e t a l s .  For  I n s t a n c e ,  th e  s o l u b i l i t y  
p ro d u c t  c o n s t a n t  f o r  l r a n ( I I I )  I s  1 .1  x 10*36( o f  i Pon( u )
i s  1 .6  x lO"*^; t h e  c o n s t a n t  f o r  t i n ( I V )  i s  1 x 10” ^ ,  w h i le  
t h a t  f o r  t l n ( I I )  I s  5 x 10“ 2^ ,  a l l  v a lu e s  b e i n g  g i v e n  f o r  
h y d r o x id e s .  Henoe by p ro p e r  m a n ip u la t io n  o f  t h e  h y d ro x y l  Ion 
c o n c e n t r a t i o n ,  m e ta l s  o f  h ig h e r  v a le n c e  can  be I s o l a t e d  by 
p r e c i p i t a t i o n .  A w id e ly  u se d  a p p l i c a t i o n  I s  t h e  s e p a r a t i o n  
o f  i r o n  and aluminum from manganese, e ln o ,  c o b a l t ,  n l o k e l  
and copper  by p r e o l p l t a t l o n  w i th  ammonia ( 1 1 ) .
U se fu ln e s s  o f  t h e  ammonia p r e c i p i t a t i o n ,  however,  l a  
Im paired  h r  a  tw o fo ld  d i s a d v a n t a g e .  The p r e c i p i t a t e  l a
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g e l a t i n o u s  and t h e r e f o r e ,  e a s i l y  c o n t a m i n a t e d ;  p a r t i a l  p r e ­
c i p i t a t i o n  o f  d i v a l e n t  m e t a l s  r e s u l t s  ^rom l o c a l i z e d  o v e r ­
s t e p p i n g  o f  t h e  d e s i r e d  pH d u r i n g  r e a g e n t  a d d t l o n .
r o t h  d l f f l c u l t i o s  a r e  l a r g e l y  overcome by r e p l a c i n g  
ammonia w i t h  an a c i d - s a l t  b u f f e r  sys t em.  In  the  w e l l  known 
b a s i c  a c e t a t e  method,  t h e  a c e t i c  a c l d - s o d l u m  a c e t a t e  sys tem 
i s  used and p r o d u c e s  a c r y s t a l l i n e  p r e c i p i t a t e  o f  h ig h  
p u r i t y .  B a s i c  f o rm a te  and b a s i c  s u c c i n a t e  methods a l s o  
r e n d e r  good s e r v i c e  ( 1 2 , 1 4 ) .
The b a s i c  b e n z o a te  method i s  e x a c t l y  a n a lo g o u s  t o  the  
t h r e e  J u s t  m en t io n ed ,  b u t  g i v e s  more co m p le te  p r e c i p i t a t i o n  
and  l e s s  c o p r e e i p l t a t l o n  w i th  a w id e r  v a r i e t y  of  p o ly ­
v a l e n t  m e ta l s  ( 1 4 ) .
I n  1917 A. S e i d e l l  (33) p u b l i s h e d  a s o l u b i l i t y  s tu d y  o f  
m e ta l  b e n z o a t e s .  K.C. ben  (34)  In  1926 I n v e s t i g a t e d  th e  
a d s o r p t i o n  o f  b e n z o a te  Ion  by f e r r i c ,  ch rom ic  and aluminum 
h y d r o x i d e s .  B u t ,  a s  f a r  a s  th e  p r e s e n t  w r i t e r  oan a s c e r ­
t a i n ,  t h e  b e n z o ic  a c l d - b e n z o a t e  system  was f i r s t  d i s c u s s e d  
a s  a s e l e c t i v e  p r e c i p i t a n t  f o r  p o l y v a l e n t  m e ta l s  i n  193^ by 
I . F . K o l t h o f f , V.A, S t e n g e r  and B, H o sk o v l tz  ( 1 5 ) .  U sing  
ammonium b e n z o a te  a t  pH 3.8* t h e s e  I n v e s t i g a t o r s  t e s t e d  
t h i r t y - t h r e e  c a t i o n s  f o r  c o m p le te n e s s  o f  p r e c i p i t a t i o n .
The f o l l o w i n g  I s  a  t a b u l a t i o n  o f  t h e i r  r e s u l t s :
C o m p le te ly  p r e c i p i t a t e d  a r e :  aluminum, z l ro o n lu m ,  
b i s m u t h ,  chromium( I I I ) ,  l r o n ( I I I ) ,  t l t a n l u m ( I V ) , t h o r lu m ( IV ) ,  
c e r i u m ( I V ) ,  t I n ( IV ) .
P a r t ia l ly  p reo lp lta ted  a re : uranium(VI), t l t a n l u a ( I I I ) ,
c o p p e r ( I I ) ,  b e r y l l i u m  and l e a d ,
Hot p r e c i p i t a t e d  a r e :  n i c k e l ,  z i n c ,  ca lc i um ,  ba r i um ,  
s t r o n t i u m ,  magnesium, p o t a s s i u m ,  sodium,  ammonium r a d i c a l ,  
l i t h i u m ,  cadmium, vana d lu m{ IV ) , vanadlum(V),  c o b a l t  ( I I ) ,  
mangan ese ( I I ),  l r o n ( I I ) ,  m e r c u r y ( I I ) ,  c e r l u r a ( I I I ) .
C o p r e e i p l t a t l o n  of  t h e  f o l l o w i n g  m e ta l s  was a l s o  s t u d i e d  
n i c k e l ,  z i n c ,  magnesium, c a l c i u m ,  manganese ( I I ), c o b a l t ( I I ) .  
I n  t h i s  s t u d y  one of  the  d i v a l e n t  c a t i o n s  was p la c e d  In 
s o l u t i o n  a l o n g  w i th  aluminum, i r o n ( I I I ) ,  ch ro m lu m { I I I ) In 
e q u a l  molar  c o n c e n t r a t i o n s .  P r e c i p i t a t i o n  was c a r r i e d  o u t  
w i t h  ammonium b e n z o a te  a t  pH 3 . 8 .  N ic k e l  was found t o  co -  
p r e c l p l t a t e  t o  t h e  e x t e n t  o f  8 $ ,  z i n c  1$, th e  r e m a in in g  Ions  
0.5$ o r  l e s s .  I n  summary, t h e  b e n z o a te  p ro ce d u re  gave 
good r e s u l t s  w i th  e a s i l y  f i l t e r a b l e  p r e c i p i t a t e s  and low 
c o p r e e i p l t a t l o n  o f  d i v a l e n t  I o n s .
Lehrman and Kramer (18)  s u g g e s t e d  c e r t a i n  ohanges  In  
t h e  above p ro c e d u re  and found 5< ammonium n i t r a t e  t o  be 
more e f f i c i e n t  a s  a wash s o l u t i o n  th a n  ammonium b e n z o a t e .
Smales (35) In  19^7 s t u d i e d  t h e  e f f e c t  o f  pH on t h e  
b e n z o a te  p r e c i p i t a t i o n  o f  aluminum and recommended t h e  p r o ­
c e d u r e  f o r  s e p a r a t i n g  aluminum from c o b a l t ,  n i c k e l  and 
S i n e .  He found t h a t  p r e c i p i t a t i o n  of  aluminum I s  co m p le te  
a t  pH 3*5 and  t h a t  above pH 5 t h e  p r e c i p i t a t e  I s  g e l a t i n o u s  
a n d  d i f f i c u l t  t o  f i l t e r .  He s u g g e s t e d  t h e  u se  o f  b r o s p h e n o l  
b l u e  i n d i c a t o r  (pH 3 -  3 . 6 )  t o  f a c i l i t a t e  a d j u s tm e n t  o f  pH 
to  t h a  p ro p e r  v a l u e  f o r  t h e  p r e c i p i t a t i o n .  A ooord lng  te  
Smales o o p r e o l p i t a t l o n  o f  z i n c  la  h i g h e s t  o f  t h e  metals
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s t u d i e d ,  n i c k e l  n e x t ,  and c o b a l t  very s m a l l .
A u s t i n  (1)  s t u d i e d  th e  p r e c i p i t a t i o n  o f  aluminum, l r o n ( I I I )  
and chromium( I I I ) by th e  b e n z o a t e  method ad pH 3 ~ 4 and 
compared the  c o p r e e i p l t a t l o n  of  d i v a l e n t  m e ta l s  w i t h  t h a t  
e n c o u n t e r e d  In t h e  p h o s p h a t e ,  ammonia and a c e t a t e  methods .
I n  ev ery  caBe th e  b e n z o a t e  method gave lower  c o p r e e i p l t a t l o n  
o f  z i n c ,  m a n g a n e s e ( I I ), c o b e l t ( I I ) ,  and n i c k e l .  A sample 
d e t e r m i n a t i o n  from h i s  work I s :  0,022 g .  aluminum, 0 .037  g.
l ron (T TT) ,  0 ,035  g .  chromium( I I I ) were mixed w i t h  0 .080  g .  
z i n c  and p r e c i p i t a t i o n s  c a r r i e d  out  by each of  t h e  methods 
ment ioned a b o v e .  The p h o s p h a t e  method showed 14^ c o p r e -  
c l p l t a t l o n  o f  z i n c ,  t h e  ammonia 33^, th e  a c e t a t e  20% ; w h i l e  
t h e  b e n z o a te  method showed o n ly  1 .5 ^ .
W ilson  (44)  made u se  o f  t h e  b e n z o a te  method t o  d e t e r ­
mine aluminum i n  t h e  p r e s e n c e  o f  I r o n .  I r o n ( I I I )  was 
r e d u c e d  w i th  t h l o g l y c o l l c  a c i d ,  which forms a s o l u b l e  
complex w i th  l r o n ( I I ) ,  and t h e  aluminum was p r e c i p i t a t e d  
w i th  ammonium b e n z o a te  a t  pH 3*5 -  4 .  The p r e c i p i t a t e  was 
i g n i t e d  and weighed  a s  A120^ w i t h  e x c e l l e n t  r e s u l t s .
Osborn and Jewsbury  (20)  i n v e s t i g a t e d  t h e  p o s s l b l l l l t y  
o f  s e p a r a t i n g  aluminum from b e r y l l i u m  by t h e  b e n z o a te  
method. P r e c i p i t a t i o n  o f  aluminum i s  com ple te  a t  pH 3 . 5 ,  
w h i l e  t h a t  o f  b e r y l l i u m  b e g i n s  a t  6 . 6 .  Some b e r y l l i u m  c o -  
p r e c l p l t a t e s  b u t  aluminum c a n  be d e te rm in ed  In  i t s  p r e s e n c e  
w i th  a n  e r r o r  n o t  e x c e e d in g  2%.
With a n  eye tow ard  q u a n t i t a t i v e  a p p l i c a t i o n s ,  t h e  same 
two l n T e s t l ^ t o r s  (21)  s t u d i e d  t h e  pH r e q u i r e d  f o r  com-
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p l e t e  o r e c l p l t a t l o n  of  twen ty  p o l y v a l e n t  c a t i o n s .  T h e i r  
r e s u l t s  f o r  t h e  s i x  m e t a l s  which compose th e  b a s i c  b e n z o a t e  
g roup  the  L . S J ' .  q u a l i t a t i v e  scheme a r e  r ep r o d u ce d  h e r e .
F e t a l  Re qu i r ed  pH
o h r o m l u m l I I I ) 3 - 3 .5 (comple te  only  on b o i l i n g )
aluminum 3 - 3-5
1 ro n  ( I I I )  3 - 3.5
b i sm uth  2 .5  - 3
t l n ( I V )  2 .5  -  3
a n t l m o n y ( I I I ) p a r t i a l  p r e c i p i t a t i o n  2 . 5  -  3 ;
no p r e c i p i t a t i o n  In a b s e n c e  of  
c h l o r i d e .
99 .5^  r e c o v e r y  o f  t i n  was r e p o r t e d  a f t e r  p r e c i p i t a t i o n  
w i th  ammonium b e n z o a te  and  su b seq u en t  I g n i t i o n  t o  Sn02 . 
T i t a n iu m  and z i r c o n iu m  were a l s o  s u c c e s s f u l l y  d e t e r m in e d .  
B ism uth  p r e c i p i t a t e d  q u a n t i t a t i v e l y  b u t  co u ld  n o t  be 
b ro u g h t  i n t o  a form s u i t a b l e  f o r  w e ig h in g .
A l l  o f  t h e  l i t e r a t u r e  c i t a t i o n s  In  t h i s  c h a p t e r  a r e  
from s t u d i e s  which  were d i r e c t e d  tow ard  q u a n t i t a t i v e  a p ­
p l i c a t i o n s  o f  t h e  b a s i c  b e n z o a te  p r e c i p i t a t i o n .  No example  
h a s  been  found o f  I t s  u s e  a s  a b a s i s  f o r  a g roup  s e p a r a t i o n  
In  q u a l i t a t i v e  a n a l y s i s .  The n e x t  two c h a p t e r s  o f  t h i s  
d i s s e r t a t i o n  w i l l  show t h a t  I t  I s  w e l l  s u i t e d  t o  su c h  a n  
a p p l i c a t i o n .
CHAPTER 2
THE BASIC BENZOATE OROUP: COMPLETENESS OP THE PRECIPITATION
For s u c c e s s f u l  a p p l i c a t i o n  In a n a l y t i c a l  p ro c e d u re s ,  
a p r e c i p i t a t i o n  r e a c t i o n  must b r i n g  a b o u t  com ple te  removal 
o f  th e  d e s i r e d  s u b s t a n c e s .  The a b i l i t y  o f  th e  b a s i c  
b e n z o a te  p ro c e d u re  t o  a c c o m p l i sh  t h i s  in  th e  ca se  o f  s i x  
p o l y v a l e n t  m e ta l s  1b the  s u b j e c t  o f  t h e  p r e s e n t  c h a p t e r .
The c h e m is t ry  Invo lved  in  t h e  b a s i c  p r e c i p i t a t i o n  of 
m e ta l s  from aqueous  s o l u t i o n  I s  n o t  s im p le  no r  co m p le te ly  
u n d e r s t o o d .  A h i g h l y  s c h e m a t ic  r e p r e s e n t a t i o n  can  be g iv e n  
In t e r n s  o f  t h e  f o l l o w i n g  e q u i l i b r i a ,  i n  which ft s t a n d s  
f c r  a t r l v a l e n t  m e ta l  Ion:
P r e c i p i t a t i o n  t a k e s  p la o e  by p r o t o n  r e m o v a l .  I n  t h e  p r e s ­
ence  o f  a s t r o n g  b a s e  o r  ammonia, s t e p  3 r e s u l t s  I n  th e  
p r e c i p i t a t i o n  o f  t h e  h y d ro x id e  o r  h y d ro u s  o x id e .  I n  th e  
b a s l o  b e n z o a te  p ro c e d u re  t h e  p r o t o n  consum ing  r e a c t i o n  l a :
I n  t h i s  o a s e  t h e  pH i s  n a i n t a l n e d  a t  a  lo w er  v a lu e  and th e  
b e n z o a te  a n i o n  b r i n g s  a b o u t  p r e c i p i t a t i o n  o f  a b a s i c  s a l t  
w i th  one o f  t h e  o a t i o n s  o f  s t e p s  1 o r  2 .
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n r e c 1 p i f p t i o n  b u t  i t s  e f f i c i e n c y .  How co m p le t e ly  a r e  aluminum, 
antl'T-onv, Msmuth,  " h ro r l u m ,  I ro n  and t i n  p r e c i p i t a t e d  In  th e  
p r e s e n c e  of  b e n z o a t e  Ion a t  pH l e e s  than 4? For h i g h e r  pH 
v a l u e s  th e  q u e s t i o n  i s  no t  r e l e v a n t  to  t h i s  s t u d y ,  s i n c e  
above pH 4 d i v a l e n t  m e t a l s  from o t h e r  g roups  b e g i n  t o  come 
down.
The e x p e r i m e n t a l  c o n d i t i o n s  employed f o r  t h i s  c o m p l e t e ­
n e s s  s tudy were a p p r o x i m a t e l y  the  same a s  t h o s e  p r e s c r i b e d  
In th e  t e x t  o f  West,  Vick and LeRoeen (40)  f o r  t h e  p r e ­
c i p i t a t i o n  of t h e  b a s i c  b e n z o a t e  g ro u p .  An a c i d i c  s o l u t i o n ,  
c o n t a i n i n g  one o f  t h e  g roup  m e t a l s ,  was p a r t i a l l y  n e u t r a l ­
i z e d  w i th  ammonia. A s o l u t i o n  o f  sodium and ammonium 
b e n z o a te  was added and the  pH a d j u s t e d  to  th e  d e s i r e d  v a l ­
u e .  The m ix tu r e  was th e n  h e a t e d  on th e  s team b a t h ,  c o o l e d  
t o  room t e m p e r a tu r e  and f i l t e r e d .  The f i l t r a t e  was a n a ­
ly z e d  by a n  a p p r o p r i a t e  method f o r  the  m e ta l  u n d e r  s t u d y .
The pH was found t o  be th e  o n ly  c o n t r o l l a b l e  f a c t o r  
d e t e r m i n i n g  t h e  c o n c e n t r a t i o n  o f  m e ta l  Ion l e f t  In  t h e  
f i l t r a t e .  The volume o f  t h e  l i q u i d  phase  was r u l e d  o u t ,  
s i n c e  s u f f i c i e n t  t im e  was a l lo w e d  b e f o r e  f i l t r a t i o n  f o r  
a t t a i n m e n t  o f  e q u i l i b r i u m  w i th  th e  p r e c i p i t a t e .  Concen­
t r a t i o n  o f  b e n z o a te  Ion was l i k e w i s e  ex c lu d e d ,  s i n c e  a t  
low pH i t  i s  f i x e d  by e q u i l i b r i u m  w i th  th e  f r e e  a c i d .
D e t a i l s  o f  a l l  e x p e r i m e n t a l  p r o c e d u r e s  mentioned  in  
t h i s  c h a p t e r  a r e  found  i n  c h a p t e r  5 .
Aluminum was t h e  f i r s t  m e ta l  s t u d i e d .  I t s  p r e c i p i t a t i o n  
mss co m p le te  below pfl 4 a s  can  be s e en  from T a b le  I .  t h e
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f i l t r a t e  was a n a l y z e d  s p e c t r o p h o t o m e t r l c a l l y  by u se  o f  
8 - h y d r o x y q u i n o l l n e .
The p r e c i p i t a t i o n  of an t imony  was l e s s  comple te  t h a n  t h a t  
of  aluminum. As shown In t a b l e  I I ,  I t s  c o n c e n t r a t i o n  In 
t h e  f i l t r a t e  r o s e  w i t h  I n c r e a s i n g  pH and reached  100 p .p .m .  
a t  pH 4 ,  When, however ,  th e  m i x t u r e  was b o i l e d  b e f o r e  
f i l t r a t i o n ,  th e  r e s i d u a l  c o n c e n t r a t i o n  dropped t o  a p p r o x ­
i m a te ly  50 p . p .m .  A n a l y s i s  f o r  ant imony In t h e  f i l t r a t e  
we8 c a r r i e d  o u t  by two m ethods:  s p e c t r o p h o t o m e t r l c a l l y  by
us e  of  rhodamlne  B and by am per om et r l c  t i t r a t i o n  w i t h  
p o ta s s iu m  b ro m e te .
Bismuth p r e c i p i t a t e d  q u a n t i t a t i v e l y  a s  t h e  o x y c h l o r l d e  
below pH 4 .  R e a u l t a  o f  t h e  s tu d y  a r e  r e c o r d e d  in  t a b l e  I I I .  
A n a ly s i s  was c a r r i e d  ou t  s p e c t r o p h o t o m e t r l c a l l y  w i th  t h i o ­
u r e a  a s  r e a g e n t .
Chromium p r e c i p i t a t e d  s lo w ly  b u t  q u a n t i t a t i v e l y  below 
pH 4 ,  a s  shown I n  t a b l e  IV. P r e c i p i t a t i o n  o f  t h e  b l u i s h -  
g re y  b a s i c  b e n x o e te  s a l t  began  on ly  a f t e r  t h e  s o l u t i o n  had 
b ee n  h e a te d  f o r  s e v e r a l  m in u t e s ,  S p e o t r o p h o to m e t r lo  a n a ­
l y s i s  w i th  d 1p h e n y l o a r b e z l d e  a s  r e a g e n t  was employed f o r  
chromium.
I r o n  p r e c i p i t a t i o n  was co m p le te  a t  pH 3* The p r e ­
c i p i t a t e  was l i g h t  brown In  c o l o r ,  o ry  s t a l l  l n e  In  form, 
and e a s i l y  f i l t e r a b l e .  T a b le  V shows t h e  r e s u l t s  o f  t h i s  
s t u d y .  The s p e e t r o p h o t o m e t r l o  method w i th  o -p h en an -  
t h r o l l n e  was used f o r  a n a ly s is .
T in  o o u ld  n o t be d e t e o t e d  In  th e  f i l t r a t e  above  pH 1 .
1U
The method of  a n a l y s i s  by d l t h l o l  was n o t  e n t i r e l y  s a t i s ­
f a c t o r y  w i t h  r e g a r d  to  i t s  a c c u r a c y ,  b u t  was c o n c l u s i v e  
In showing a very  low r e s i d u a l  c o n c e n t r a t i o n  of  t i n  In the  
f 11t r a  t e .
TABLE I
Data :  Aluminum p r e c i p i t a t i o n
volume of  c o n c e n t r a t i o n
f i l t r a t e  A1 of  A1 in
pH a n a l y z e d ,  found,  f i l t r a t e ,
No. f i l t r a t e  mis .  mlcrograms mlcrograms/ml .
1 2.44 1 .0 ^3 .5 *0 .5
2 2 .80 1 .0 25.5 25.5
3 3.00 1 .0 11 11
4 3 .30 1 .0 5 5
5 3.^8 3 .0 9 .5 3 .2
6 3 .53 3 .0 8 2 .7
7 3 .60 5 .0 7 .5 1 .5
8 3 .70 5 .0 8 .5 1 .7
9 3 .9 0 5 .0 2 0 .4
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TABLE I I
Data :  Antimony p r e c i p i t a t i o n
volume of  c o n c e n t r a t i o n
f i l t r a t e  Sb of Sb In
pH a n a ly z e d ,  found, f i l t r a t e ,
No. f i l t r a t e  m is .  mlcrograrrs m lc ro g ram s /m l•
1 0.6 1 .0 9 0 ( a p p ro x ) 9 0 ( a p p r o x )
2 1.23 0.20 14.4 72
3 1.47 0 .20 9 45
4 2.10 0 .20 8 .2 41
5 2.22 0 .20 9 .4 4?
6 2 .40 0 .2 0 10 50
7 2.70 0 .20 12.4 62
8 3.10 0 .20 13.4 67
9 3.45 0 .20 18 .4 92
10 3.80 0 .2 0 19.6 98
11 3.98 0 .2 0 21.2 106
12 4 .0 0 0 .20 21.2 106
The fo l lo w in g (N o . 13-17)  were an a ly ze d  by am perom etr lc
13 4 .00 1 0 .0 1140 114
14 4.05 1 0 .0 1100 110
No. 15-17 were b o i l e d  t h r e e m inutes  b e f o r e f i l t r a t i o n
15 4 .00 1 0 .0 540 54
16 4.05 1 0 .0 510 51
17 4 .2 0 1 0 .0 480 48
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TABLE I I I
Data :  Bismuth p r e c i p i t a t i o n
No.
pH
f i l t r a t e
volume of 
f i l t r a t e  
an a ly z e d ,  




c o n c e n t r e t I o n  
o f  Bl In 
f i l t r a t e  
mlcrogram s/ml
1 1 .60 2 . 0 255 128
2 1 .74 3 .0 577 115
3 1 . 9 0 10 .0 670 67
4 2 .1 0 1 0 .0 340 34
5 2 .40 1 0 .0 180 18
6 2 .8 0 10 .0 90 9
7 3 .2 0 1 0 .0 50 5
8 3 .6 0 1 0 .0 35 3 .5
In  t h e  f o l l o w i n g  one ml. o f  s a t u r a t e d  sodium c h l o r i d e  
was added b e f o r e  p r e c i p i t a t i o n  o f  th e  b i s m u th .
9 0 .80 10 .0 330 33
10 1 .1 2 9 .0 234 26
11 1 .2 6 1 0 . 0 88 8 .8
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TABLE IV
D a t a : Chromium p r e c i p i t a t i o n
No.
t>H
f i l t r a t e
volume of 
f i l t r a t e  
a n a l y z e d ,  
m i s .
Cr
f  ound, 
micrograma
c o n c e n t r a  t l o n  
of  Cr In 
f i l t r a t e ,  
mlcrograma/ml
1 2 .40 0.01 1 .86 186
2 2 .70 0.01 0 .8 ? 87
3 2 .90 0 .0 4 1 .7 2 43
4 2.91 0 .02 0 .7 0 35
5 3 .2 0 0 .0 4 0 .7 0 17 .5
6 3 .60 0 .0 4 0 .4 9 1 2 .3
7 3 .9 0 0 .1 2 0 .4 0 3 .3
The above m i x t u r e ( 1 - 7 )  were h e a t e d  12 m lnu tea  on t h e  a t e a i  
b a t h  b e f o r e  f i l t r a t i o n ;  t h e  f o i l o w i n g (8 -1 1 )  were h e a t e d  
5 m ln u te e .
8 2.65 0 .0 1 1 .9 0 190
9 3.15 0 .0 1 0 .4 7 47
10 3 .7 0 0 .08 0 .25 3 .1
11 3 .9 0 0 .0 4 0 .15 3 .7
16
TABLE V
Data : I r o n  p r e c i p i t a t i o n
No.
pH
f i l t r a t e
volume of 
f i l t r a t e  
a n a l y z e d , 




c o n c e n t r e  t i o n  
o f  Pe In  
f i l t r a t e ,  
m l c r o g r a m s / m l .
1 2 .0 0.1 10.6 106
2 2 . ? 0 .5 22 kk
3 2.8 3 . 0 3 . 3 1 .1
4 3 . 2 3 .0 2 .2 0 .7
5 3 .6 3 . 0 1 .8 0 .6
TABLE VI
D ata : T in  p r e c i p i t a t i o n
No.
pH
f i l t r a t e
volume o f  
f i l t r a t e  
a n a ly z e d ,  
m i s .
o o n o e n t r a t l o n  
o f  Sn In  com­
p a r i s o n  t u b e ,  
m lc ro g ram s /m l .
o o n c e n t r a  t  Ion 
o f  Sn In  
f i l t r a t e ,  
m lc ro g ra n a /m l
1 , 2 , 3 1 . 0 5 . 0 l e s s  th a n  1 . 5 l e s s  t h a n  3
4 2 . 0 5 . 0 • • 1 .5 • 3
5 2 . 9 5 . 0 B 1 .5 •  3
6 3 .9 5 . 0 ■ • 1 .5 • .  3
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CHAPTER 3
BASIC BENZOATE OROUP: COPRECIPITATION STUDIES
As seen in  C hap te r  ?, the  baBlc b en zo a te  p r e c i p ­
i t a t i o n  i s  e f f i c i e n t  in  removing p o ly v a l e n t  m e ta l s  from 
s o l u t i o n .  But,  how pure i s  the  o r e c l p i t a t e ?  To what 
e x t e n t  i s  i t  contamlnater)  by ca t io n s  from o t h e r  groups?
These a r e  im p o r ta n t  q u e s t i o n s  whose answers  can d e te rm in e  
th e  u s e f u l n e s s  of  t h e  method a s  a group s e p a r a t i o n .  Ammonia, 
to o ,  e f f i c i e n t l y  p r e c i p i t a t e s  most of  th e  m e ta l s  of  th e  
b a s i c  b en z o a te  g ro u p ,  but  cou ld  n o t  be used  a s  a g roup  
r e a g e n t  b ecause  o f  I t s  tendency  to  p r e c i p i t a t e  d i v a l e n t  
m e ta l s .
A ccord ing  t o  t h e  e a r l i e r  s t u d i e s  c i t e d  In c h a p t e r  1 
t h e  b a s i c  b e n z o a te  method, when used t o  p r e c i p i t a t e  aluminum, 
i r o n ,  and chromium, g iv e s  rem arkab ly  low o o p r e e l p i t a t i o n  of 
d i v a l e n t  c a t i o n s .  I n  t h i s  c h a p te r  t h e  I n v e s t i g a t i o n  w i l l  
be broadened  t o  In c lu d e  th e  o t h e r  members o f  t h e  b a s i c  
b en z o a te  g roup ,  v i z . ,  an t im ony ,  b ism uth  and t i n ,  The 
" fo re ig n *  m e t a l s ,  whose o o p r e o l p l t a t l o n  I s  t o  be measured ,  
a r e  members o f  t h e  g roups  which fo l lo w  t h e  b a s i c  b e n z o a te  
g roup  In  t h e  L. S .  D. scheme. They a r e :  c o p p e r ( I I ) ,  
n i c k e l ,  m anganese( I I ) ,  c o b a l t ( I I ) ,  oa lo lum , s t r o n t i u m ,  
magnesium, bar ium ,  cadmium, z ln o ,  a r s e n i c .
In  a g iv e n  ex p e r im en t  t h e  deg ree  o f  o o p r e o l p l t a t l o n  
can  be o b ta in e d  f rom e i t h e r  of two Independen t  m easurem ents .  
For I n s t a n c e ,  i f  t h e  o o p r e c i p l t a t i o n  of  coppe r  w i t h  t h e  




c a r r i e d  down can be g o t t e n  d i r e c t l y  from a n a l y s i s  of  t h e  
p r e c i p i t a t e  o r  by d i f f e r e n c e  from I n i t i a l  and f i n a l  concen ­
t r a t i o n s  In th e  f i l t r a t e .  Both a n a l y s e s  were made In each 
e x p e r im e n t  of  th e  p r e s e n t  s t u d y .
A n a l y s i s  o f  th e  p r e c i p i t a t e  i s  c o m p l ic a te d  by t h e  f a c t  
t h a t  th e  Ion, whose c o n c e n t r a t i o n  i s  s o u g h t ,  o f t e n  o cc u rs  
In  t r a c e  q u a n t i t i e s  a l o n g  w i th  g r o s s  amounts of p o s s i b l e  
i n t e r f e r i n g  s u b s t a n c e s .  In  c a s e s  where o o p r e o l p l t a t l o n  Is  
s n a i l ,  t h e  p r o c e s s  can  be s i m p l i f i e d  by an  a p p r o x im a t io n .  
The f i r s t  p r e c i p i t a t e  i s  d i s s o l v e d ,  r e p r e c l p l t a t e d  and th e  
a s s u m p t i o n  made t h a t  a l l  bu t  a n e g l i g i b l e  f r a c t i o n  o f  t h e  
o r i g i n a l l y  o o p r e c l p l t a t e d  Ion  I s  r e t a i n e d  In  t h e  second  
f i l t r a t e .  T h is  a s s u m p t io n  h as  b ean  made In  a l l  t h e  p r e c i p ­
i t a t e  a n a l y s e s  r e p o r t e d  in  t h e  p r e s e n t  c h a p t e r .
Degree o f  o o p r e o l p l t a t l o n  o b t a i n e d  from f i l t r a t e  
a n a l y s i s ,  by d l f f e r e n o e ,  I s  o f t e n  o f  d o u b t f u l  aoou raoy  
b e c a u s e  o f  t h e  r e l a t i v e l y  m in u te  an o u n t  o f  " f o r e i g n "  Ion  
n l s s i n g  a f t e r  p r e c i p i t a t i o n .  A n a ly s e s  o f  f i l t r a t e  and  
p r e c i p i t a t e ,  t a k e n  t o g e t h e r ,  c o n s t i t u t e  a m a t e r i a l  b a l a n c e  
c h e c k  which enhances  t h e  r e l l a b l l l l t y  o f  a g iv e n  o o p re -  
c l p l t a t l o n  e x p e r im e n t .
The s o l u t i o n s  u sed  In  t h e  p r e s e n t  s e r i e s  of  o o p r e o lp ­
l t a t l o n  s t u d i e s  c o n t a i n e d  t h e  s i x  m e ta l s  o f  t h e  b a s l o  
b e n z o a t e  g ro u p ,  t o g e t h e r  w i t h  one f o r e i g n  Ion ,  a l l  a t  e q u a l  
c o n c e n t r a t i o n  by w e ig h t .
P re o lp lta tlo n  was c a rrie d  out by the sane procedure 
ueed in  the experiments of the  preceding ohapter. The
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amount of f o r e i g n  ion  r e m a in in g  in  th e  p r e c i p i t a t e  a f t e r  
e i g h t  waBhlngs was s a i d  t o  be c o p r e c l p l t e t e d .
T ab le  VII g iv e s  th e  r e s u l t s  of t h e  o o p r e o l p l t a t l o n  
s t u d i e s .  D e t a i l s  of th e  e x p e r i m e n ta l  p ro c e d u r e s  a r e  g iv e n  
in  c h a p t e r  5 .
TABLE VII
Data :  C o p r e c l p i t a t I o n  s t u d i e s
Metal
copper
n i c k e l
manganese
c o b a l t
ca lc iu m





a r s e n i c
Metal
Metal  
Metal  found In 
found in  f i l t r a t e ,  Cop pt n . ,
Bun added.nut p p t . i • ram. p e r c e n t
1 1 0 . 0 2 .08 7.75 2 0 . 8
2 1 0 . 0 1 . 8 2 8.25 1 8 . 2
1 0 . 0 2 , 10 7.91 2 1 . 0
u 1 0 . 0 ------ 8 .5 15a
1 1 0 . 0 0 . 2 0 9.75 2 . 0
2 1 0 . 0 0 . 20? 9.75 2 . 0?
1 1 0 . 0 0 . 0 1 0 . 0 0 . 0
2 1 0 . 0 0 . 0 1 0 . 0 0 . 0
1 1 0 . 0 0 .31 9.55 3 .1
2 1 0 . 0 0 .25 9 . 6 0 2 .5
1 1 0 . 0 0 . 2 10 2
2 1 0 . 0 0 .3 10 3
1 1 0 . 0 0 .15 10 1 .5
2 1 0 . 0 ------ 10 —
1 1 0 . 0 0 ^ ob
1 1 0 . 0 0 ------ 0 °
2 1 0 . 0 0 ------ 0
1 1 0 . 0 0 . 0 1 0 . 0 0
2 1 0 . 0 0 . 0 1 0 . 0 0
1 1 0 . 0 0 . 1 6 10 1 . 6
2 1 0 . 0 0 .1 3 10 1 .3
1 1 0 . 0 1 . 2 6 7 .6 1 2 . 6 d
2 1 0 . 0 1 . 6 7.25 l 6 d
- o p p t n . ,
a v e r a g e








Notes  on Tab le  VII
a )  In th e  f i r s t  t h r e e  r u n s  on copp er  t h e  wash s o l u t i o n  
was 2# ammonium b e n z o a t e .  In  t h i s  f o u r t h  run  t h e  wash 
s o l u t i o n  was ammonium n i t r a t e ,  th e  same s o l u t i o n  
t h a t  was used In t h e  o o p r e o l p l t a t l o n  s t u d i e s  o f  th e  
o t h e r  m e t a l s .
b) The f l ame  p h o t o m e t r i c  a n a l y s i s  f o r  magnesium gave on ly  
ap p ro x im a te  r e s u l t s  b ecau se  of  background I n t e n s i t y .
Low magnesium c o n t e n t  In  t h e  p r e c i p i t a t e  was c o n f i rm ed  
by t h e  n e g a t i v e  r e s u l t s  o b t a in e d  w i th  t h e  s p o t  t e s t  
w i th  S and  0 r e a g e n t  ( 3 7 ) .
c )  The r e s u l t s  r e p o r t e d  f o r  bar ium  a r e  b ased  on t h e  f a c t  
t h a t  t h e  p r e c i p i t a t e , d i s s o l v e d  In  h y d r o c h l o r i c  a c i d  and 
d i l u t e d  t o  25 m i s . ,  gave  no t u r b i d i t y  w i t h  s u l f u r i c  a c i d .
d)  Of 1 0 ,0  mg. o f  a r s e n i c  a d d e d ,  1 .2  mg. were a p p a r e n t l y  
l o s t  by v o l a t i l i z a t i o n .
Ch apte r  h
BASIC BENZOATE GROIT; EVALUATION FOR USE IN QUALITATIVE
ANALYSIS
The p r e s e n t  q u a n t i t a t i v e  s t u d y ,  t o g e t h e r  w i t h  s e v e r a l  
y e a r s '  o b s e r v a t i o n  In the  e l em e n ta ry  q u a l i t a t i v e  a n a l y s i s  
l a b o r a t o r y ,  makes p o s s i b l e  an e v a l u a t i o n  of  t h e  b a s i c  
b e n z o a t e  p r o c e d u r e .
As b a s i s  f o r  a q u a l i t a t i v e  g roup s e p a r a t i o n ,  t h e  method 
has s e v e r a l  I m p o r t a n t  a d v a n t a g e s .  I t  e l i m i n a t e s ,  e a r l y  In 
t h e  scheme,  a g r o u p  o f  c o n v e n i e n t  s i z e  c o n s i s t i n g  o f  s i x  
p o l y v a l e n t  m e t a l s  which a r e  p o t e n t i a l  t r o u b l e m a k e r s ,  i f  
l e f t  in  s o l u t i o n .
The p r e c i p i t a t i o n  p ro ced u re  I s  s im p le .  A f t e r  e x c e s s  
a c i d  o f  t h e  t e s t  s o l u t i o n  has  been  n e u t r a l i z e d ,  t h e  on ly  
f u r t h e r  r e q u i r e m e n t s  a r e  a b r i e f  p e r i o d  o f  h e a t i n g  and  
a d d i t i o n  o f  t h e  b e n z o a t e  r e a g e n t ,  which  b u f f e r s  t h e  m ix tu re  
a t  t h e  r e q u i r e d  pH u n t i l  p r e c i p i t a t i o n  I s  c o m p le t e .  The 
u n c e r t a i n t y ,  u n p l e a s a n t n e s s ,  dange r  and  ted ium  I n v o lv e d  In  
a p ro lo n g e d  t r e a t m e n t  w i th  hydrogen  s u l f i d e  a r e  e l i m i n a t e d .
The p r e c i p i t a t e  I s  c r y s t a l l i n e  and  r e a d i l y  s e p a r a t e d  
from th e  m other  l i q u o r  by f i l t r a t i o n  o r  c e n t r i f u g a t i o n .  I t  
r e d l s s o l v e s  e a s i l y ,  g i v i n g  a s o l u t i o n  In  w hich  t h e  s i x  
g ro u p  m e ta l s  a r e  c o n v e n i e n t l y  d e t e c t e d  by r e l a t i v e l y  s im p le  
t e s t s .
The c o m p le te n e s s  s t u d i e s  o f  C h a p te r  2 show t h a t  t h e  
method q u a n t i t a t i v e l y  p r e c i p i t a t e s  aluminum, b i s m u th ,  
chromium, i r o n  and  t i n .  P r e o l p l t a t l o n  o f  an tlswuiy i s  l e s s
,25
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■’omplete ,  but adeMj<ir,e for rhe purposes of a q u a l i t a t i v e  
s c h e r e .  The small  r e s id ua l  c^ncentra Mon of  antimony 
has not been o b ser ve !  to cause trouble  in the subsequent  
o p er a t io n s  of the scheme. B o i l i n g  r r l o r  to f i l t r a t i o n  
Improves the p r e c i p i t a t i o n  of anMmony and Is ,  t h e r e f o r e ,  
recommended fo r  the group seof irat lon.
The c o p r e c l P l t a t  l - n  s t u d i e s  b r i n ^  ou* the  f a c t  t h a t  
only  copp er  and a r s e n i c ,  or the  metalB i n v e s t i g a t e d ,  contam­
i n a t e  the  p r e c i p i t a t e  t o  any a p p r e c i a b l e  e x t e n t .  I n  t h e  
c a s e  o f  conpe r  t h i s  i s  t o  be e x p e c t e d ,  s i n c e  a sm a l l  amount 
o f  t h i s  m e ta l  i s  p r e c i p i t a t e d  by b e n z o a t e  a t  pH 4 even  when 
a l o n e  In  s o l u t i o n .  A rs e n ic  I s  p r e s e n t  In  t h e  p r e c i p i t a t e  
by t r u e  c o p r e c l p l t a t I o n ,  induced  by th e  p r e c i p i t a t i o n  o f  
t h e  o t h e r  m e t a l s .
I n c l u s i o n  o f  s i g n i f i c a n t  q u a n t i t i e s  o f  co p p e r  and  
a r s e n i c  In  t h e  p r e c i p i t a t e  i s  u n d e s i r a b l e ,  bu t  does n o t  
s e r i o u s l y  d i m i n i s h  t h e  u s e f u l n e s s  o f  th e  b a s i c  b e n z o a te  
p r o c e d u re  i n  q u a l i t a t i v e  a n a l y s i s .  S u f f i c i e n t  am ounts  of  
b o th  metalB rem a in  In  s o l u t i o n  t o  g iv e  c o n f i r m a t o r y  t e s t s  a t  
t h e  r i g h t  t i m e s .  T h e i r  r e s i d u e s  In  th e  p r e c i p i t a t e ,  a f t e r  
th o ro u g h  w ash ing  w i th  ammonium n i t r a t e ,  a r e  n o t  s u f f i c i e n t  
t o  I n t e r f e r e  w i t h  t h e  d e t e c t i o n  of  t h e  b a s i c  b e n z o a te  
m e t a l s .
As f o r  q u a n t i t a t i v e  a p p l i c a t i o n s ,  t h e  b a s i c  b e n z o a te  
method i s  h i g h l y  recommended f o r  s e p a r a t i o n s  o f  aluminum, 
b i s m u th ,  chromium( I I I ) , l r o n ( I I I ) ,  t l n ( I V )  from d i v a l e n t  
m e t a l s .
Chapter 5
RAoIC RBN2.0ATE CROUP APPARATUS, REAGENTS, AND EXPERIMENTAL
PROCEDURES
S e c t i o n  1 , co m ple tenes s  o£ p r e c l p l t a t I o n  s t u d l e e  
Appara t u s
A Beckman Model G pH Meter was used f o r  a l l  ph measurements .  
A Beckman Model B S p e c t r o p h o t o m e t e r  was used f o r  a l l  s p e c -  
t r o m e t r l c  d e t e r m i n a t i o n s .
Reeg en t s
S t a n d a r d  s o l u t i o n s  o f  t h e  meta l  ions :
Aluminum: an  a p p r o p r i a t e  w e ig h t  of KA1(SO^>2 .IZHgO
was d i s s o l v e d  in  d i s t i l l e d  w a t e r .
Antimony: St>203 *®8 d i s s o l v e d  In  3& h y d r o c h l o r i c
a d d ,  a l lo w e d  t o  s t a n d  f o r  s e v e r a l  d ay s ,  
f i l t e r e d  and  s t a n d a r d i z e d  by t i t r a t i o n  
w i th  s t a n d a r d  p o ta s s iu m  brornate w i th  methyl 
o range  a s  i n d i c a t o r . (13)
Bismuth: an  a p p r o p r i a t e  amount o f  t h e  pu re  m e ta l  was
d i s s o l v e d  in  n i t r i c  a c i d  and  t h e  s o l u t i o n  
d i l u t e d  w i th  1 : 1 5  n i t r i c  a c i d .
I r o n :  an  a p p r o p r i a t e  w e ig h t  o f  p u r e  i r o n  w i re  was
d i s s o l v e d  In  1 : 3  n i t r i c  a c i d  and d i l u t e d  w i th  
d i s t i l l e d  w a te r  t o  g i v e  a  s o l u t i o n  o f  l r o n ( I I I )
T in :  SnCl^ was d i s s o l v e d  i n  3H h y d r o c h l o r i c  a c i d
and s t a n d a r d i z e d  g r a v l m e t r i c a l l y  by p r e ­
c i p i t a t i o n  w i th  ammonia an d  w e ig h in g  a s  
SnC>2.
O th e r  s o l u t i o n s  u sed  in  t h e  b a s i c  b e n z o a te  p r e c i p i t a t i o n .
Ammonia:
B enzoa te  r e a g e n t :  0 .5  H ammonium b e n z o a te  and 0.5H 
sodium b e n z o a te  were mixed In  t h e  r a t i o  
of  2 :5  by volume.
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B e ag e n te  f o r  th e  d e t e r m i n a t i o n  o f  aluminum:
b u f f e r  s o l u t i o n :  655 mlB. o f  1 H sodium a c e t a t e  were 
mixed w i t h  200 mis .  of  1 V a c e t i c  a c i d  t o  
g i v e  a s o l u t i o n  of  pH 4 . 8 .
8 - h y d r o x y q u l n o l l n e :  1% s o l u t i o n  In  c h l o r o f o r m .  The
c h l o ro f o rm  was p u r i f i e d  by s h a k i n g  w i t h  a 
1 :1  m i x t u r e  of  2 H ammonia and 2 H ammonium 
c h l o r i d e .
a n h y d ro u s  sodium s u l f a t e :  s o l i d
R e a g e n t s  f o r  th e  d e t e r m i n a t i o n  o f  a n t im o n y :  
rhodam lne  B: O.Z% aq u eo u s  s o l u t i o n .
c e r l c  s u l f a t e :  0 . 1  N s o l u t i o n ,  made by d i s s o l v i n g  33 g .
o f  an h ydrous  c e r l c  s u l f a t e  In  3% s u l f u r i c  
a c i d  and d i l u t i n g  t o  1 l i t e r .
p o ta s s iu m  b rom ate :  a s t a n d a r d  s o l u t i o n  was made by
d i s s o l v i n g  a n  a p p r o p r i a t e  amount o f  KBrO^
In  3 H s u l f u r i c  a c i d .
R e a g e n ts  f o r  t h e  d e t e r m i n a t i o n  o f  b i s m u th :
n i t r i c  a d d :  1 : 1 5 , c o n c e n t r a t e d  a c i d  t o  w a t e r ,
t h i o u r e a :  5% aqueous  s o l u t i o n .
R e a g e n ts  f o r  t h e  d e t e r m i n a t i o n  o f  chromium: 
sodium h y d r o x id e :  6 H s o l u t i o n
h y d ro g en  p e r o x id e :  3?  s o l u t i o n
d l p h e n y l o a r b a z l d e :  0.25% s o l u t i o n  I n  1 : 1  m ix t u r e  o f
a c e t o n e  and  w a t e r .  T h i s  s o l u t i o n  had t o  be 
made f r e s h  d a l l y .
R e a g e n ts  f o r  th e  d e t e r m i n a t i o n  o f  I r o n :
h y d ro x y lam ln e  h y d r o c h l o r i d e :  JJf aqueous  s o l u t i o n  
sodium a c e t a t e :  2 H s o l u t i o n
o - p b e n a n t h r o l l n e :  0.5% aq u e o u s  s o l u t i o n  o f  t h e  mono­
h y d r a t e .
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R eagen ts  f o r  the  d e t e r m i n a t i o n  of t i n :  
h d r o c h lo r lo  no id c o n c e n t r a t e d
j - t h i o l  t t o l u e n e - ,J  ̂ . -d 1 t h l o l  J ; °g. of the r e a g e n t
(obtained from A. D. Packs,v Co.,  New York) 
and 0 , 5  ml of  t h l o h i y o o l l c  ac id  were 
d is s o lv e d  In 1 0 0  mis.  of 1?6 sodium hy d ro x id e .
Exper ime nta l  p ro ce d u r e s  
C e ne r a l  p r e c i p i t a t i o n  p ro ce dur e :
A 5 ml. a c i d i c  sample, c o n t a i n i n g  1 to  6 mg/ml. of a 
b a s i c  ben zo a te  m e ta l ,  was p laced  in a Pyrex t e e t  tu b e .  
C o n c e n t ra ted  ammonia was added u n t i l  t h e  p r e c i p i t a t e  f i r s t  
formed d i s s o lv e d  s low ly  w i th  s t i r r i n g .  3 to  ^ mis.  of 
b e n z o a te  r e a g e n t  were added and th e  pH a d j u s t e d  w i th  3 K 
ammonia or 3 N h y d r o c h l o r i c  a c i d  t o * t h e  va lue  d e s i r e d  f o r  
t h e  p a r t i c u l a r  e x p e r im e n t .  The m ix tu re  was th e n  h e a te d  on 
th e  steam b a th  f o r  f i v e  m in u te s .  A f t e r  two minutes  the  pH 
was checked and r e a d j u s t e d ,  i f  n e c e s s a r y ,  t o  t h e  d e s i r e d  
v a l u e .  A f t e r  15 to  20 m inu tes  c o o l in g  u nder  ru n n in g  w a te r ,  
t h e  m ix tu re  was f i l t e r e d  i n t o  a dry b ea k e r  th ro u g h  Whatman 
No. U2 f i l t e r  p a p e r .  A f t e r  I t s  pH was r ech e c k e d ,  the  
f i l t r a t e  waB a n a ly z e d  by an  a p p r o p r i a t e  method f o r  th e  m eta l  
u nder  s tu d y .
T h is  g e n e r a l  p r e c l j t t a t  Ion p ro c ed u re  was used th ro u g h ­
ou t  b o th  th e  co m p le ten ess  of  p r e c i p i t a t i o n  and c o p r e c l p -  
l t a t l o n  s t u d i e s .
P ro c e d u re s  f o r  t h e  I n d i v i d u a l  m e t a l s .
30
A1 uinlnum. Tha samples  u se d  f o r  p r e c i p i t a t i o n  c o n t a i n e d  
1 . 7 2  mg./ml.  of  aluminum In a s o l u t i o n  of  pH 3 . 2 .  A n a l y s i s  
was c a r r i e d  out  s p e c t r o p h o t o m e t r l c a l l y  wi th  8 -hydro xyq uln -  
o l l n e  a s  th e  r e a g e n t  (74, 1 0 ) .  The a n a l y t i c a l  p rocedu re  was 
t h e  fo l l o w in g :
An a l i q u o t  of f i l t r a t e  was p i p e t t e d  In to  a 123 ml. 
s e p a r a t o r y  fu n n e l ,  45 m is .  o f  b u f f e r  added and the  volume 
of th e  m ix tu re  made up t o  30 m is .  w i th  w a t e r .  At t h i s  
p o i n t  t h e  pH of  the  s o l u t i o n  was 4 . 7 ,  w i t h i n  t h e  i d e a l  
r an g e  f o r  t h e  ch lo ro fo rm  e x t r a c t i o n  of  aluminum hydroxy- 
q u i n o l a t e .  B xac t ly  10 m is .  of 8 - h y d ro x y q u ln o l ln e - c h lo ro fo rm  
s o l u t i o n  were th e n  added and  t h e  fu n n e l  shaken f o r  3 m in u te s .  
The ch lo ro fo rm  l a y e r  was drawn o f f  i n to  a g l a s s  s to p p e re d  
e r le n m ey e r  f l a s k ,  c o n t a i n i n g  1 g .  o f  anhydrouB sodium s u l ­
f a t e .  A f t e r  1 m i n u t e ' s  s h a k in g  t o  remove w a te r ,  a p o r t i o n  
o f  t h e  e x t r a c t  was p l a c e d  I n  a 1 cm. oorex  c e l l  and I t s  
a b s o rb a n cy  measured a t  390  m i l l i m i c r o n s .
The s t a n d a r d  ourve  was c o n s t r u c t e d  from known samples  
p u t  th ro u g h  th e  same e x t r a c t i o n  p ro ced u re  a s  the  f i l t r a t e  
s a m p le s .  B e e r ' s  law was obeyed up to  a c o n c e n t r a t i o n  of 
4 p .p .m .  of  aluminum In th e  ch lo ro fo rm  e x t r a c t .
Antimony. The samples  u se d  f o r  p r e c i p i t a t i o n  c o n ta in e d
2 , 4  m g./m l.  In 3 K h y d r o c h l o r i c  a d d .  A n a ly s i s  of  f i l t r a t e s  
was c a r r i e d  out e i t h e r  s p e c t r o p h o t o m e t r l c a l l y  w i th  rhodamlne 
B a s  r e a g e n t  (2 5 ,3 8 )  o r  by am perom etr lc  t i t r a t i o n  w i th  
p o ta s s iu m  brom ate .  The p r o c e d u r e s  were a s  fo l lo w s :
Rhodamlne B method. I n  a 125 ml. s e p a r a t o r y  f u n n e l  
were p l a c e d  (15 -  x) m is ,  o f  6 F h y d r o c h l o r i c  a c i d  and 
x m is .  of f i l t r a t e  from th e  b e n z o a te  p r e c i p i t a t i o n .  To 
o x i d i z e  th e  an t im ony  to  t h e  q u ln q u a v a le n t  s t a t e  10  d ro p s  
of  c e r l c  s u l f a t e  s o l u t i o n  were added ,  fo l lo w ed  a f t e r  1 
m inute  by 3 d ro p s  o f  hyd ro x y lam ln e  h y d r o c h l o r i d e  s o l u t i o n .  
A f t e r  c h l o r i n e  had been removed from th e  fu n n e l  by a Je t  
o f  a i r ,  1 ml.  o f  0.258 rhodam lne  B s o l u t i o n  and e x a c t l y  25 m is .  
o f  benzene were  added .  The f u n n e l  was shaken  v i g o r o u s l y  f o r  
1 m in u te .  A p o r t i o n  o f  t h e  banaene l a y e r  was r u n  I n t o  a  1 
cm. co rex  o e l l  and I t s  a b s o r t e n c y  measured a t  565  m i l l i ­
m ic ro n s .  The c a l i b r a t i o n  c u r v e ,  c o n s t r u c t e d  from known 
s o l u t i o n s  s u b j e c t e d  t o  t h e  same p r d o e d u re ,  obeyed B e e r ' s  
law .
Amperometrlo  t i t r a t i o n  m e th o d ( l6 ) .  The a p p a r a t u s  u sed  
c o n s i s t e d  o f  a 5 ml.  m i c r o b u r e t ,  a B a rg e n t  Ampot w i th  r o t a t i n g  
p l a t i n u m  m l c r o e l e c t r o d e ,  c o n n e o te d  th ro u g h  a s a l t  b r i d g e  to  
a s a t u r a t e d  oa lom el  e l e c t r o d e .  The t l t r a n t  was 0 .0 1  N 
p o ta s s iu m  brom ate  i n  3 H s u l f u r i c  a c i d .  Ten m is .  o f  f i l ­
t r a t e  were mixed w i th  40 m is .  o f  3 F s u l f u r i c  a c i d  and  th e  
t l t r a n t  added  I n  0 . 1  ml. I n c r e m e n t s .  B e fo re  t h e  end p o i n t  t h e  
brom ate  o x id i z e d  a n t i m o n y ( I I I )  t o  an t lmony(V) and was i t ­
s e l f  r ed u ced  t o  b rom ide .  A f t e r  t h e  end p o i n t  I t  o x i d i z e d  
bromide t o  b rom ine ,  which ^ v e  a  s t r o n g  d i f f u s i o n  c u r r e n t  on 
r e d u c t i o n  a t  t h e  r o t a t i n g  o a t h o d e .  S e v e r a l  p o i n t s  a r e  t a k e n  
b e f o r e  and a f t e r  t h e  end p o i n t  and a p l o t  i s  made o f  d i f f u ­
s i o n  c u r r e n t  v a .  m i l l i l i t e r s  o f  t l t r a n t  a d d e d .  The t l t r a -
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t i o n  was c a r r i e d  ou t  a t  0 .1  V.
Bi sm u th . The samples  u s e d  f o r  p r e c i p i t a t i o n  c o n t a i n e d  
5 . 0  mg. /m l .  of  b i s m u th  in  1 :1 5  n i t r i c  a c i d .  A n a l y s i s  of  
f i l t r a t e s  was c a r r i e d  ou t  s p e c t r o p h o t o m e t r l c a l l y  w i t h  
t h i o u r e a  a s  r e a g e n t  (2 ,  3 6 ) .  The a n a l y t i c a l  p r o c e d u r e  was 
a s  f o l l o w s :
An a l i q u o t  of  f l l t r e t e  was e v a p o r a t e d  n e a r l y  t o  d r y n e s s  
and t a k e n  up in  1 :15 n i t r i c  a c i d .  I t  was q u a n t i t a t i v e l y  
t r a n s f e r r e d  t o  a 50 m l.  v o l u m e t r i c  f l a s k ,  10 m is .  of  t h i o ­
u r e a  s o l u t i o n  added  and  t h e  f l a s k  f i l l e d  t o  t h e  mark w i t h  
1 :1 5  n i t r i c  a c i d .  The a b s o rb a n o y  was measured a t  425 
m i l l i m i c r o n s  In  1 cm. c o r e z  c e l l s .  B e e r ' s  law w s b  f o l l o w e d  
and  th e  b la n k  showed z e ro  a b s o rb a n o y  a g a i n s t  d i s t i l l e d  
w a t e r ,
Chromium. The sa m p le s  u s e d  f o r  p r e c i p i t a t i o n  c o n t a i n e d
3 .5  m g . /m l .  o f  o h r o a l u m ( I I I )  I n  h y d r o o h lo r l o  a d d  s o l u t i o n .  
F i l t r a t e  ana lyBlB was c a r r i e d  o u t  s p e c t r o p h o t o m e t r l c a l l y  
w i t h  d l p h e n y l o a r b a z ld e  a s  r e a g e n t  ( 2 6 ) .  The a n a l y t i c a l  
p r o c e d u re  was a s  f o l l o w s :
An a l i q u o t  of  f i l t r a t e  ( 0 .2 5  -  3 m l . s )  was made b a s i c  
w i t h  6 ft sodium h y d r o x id e .  The chromium was o x id i z e d  t o  
t h e  h e x a v a le n t  s t a t e  by h e a t i n g  w i th  2 d rops  o f  JfL h y d ro g en  
p e r o x i d e .  The o x i d i z e d  sam ple  was t h e n  t r a n s f e r r e d  t o  a 
25 m l .  v o lu m e t r i c  f l a s k ,  1 . 5  m l.  o f  3 M s u l f u r i o  a c i d  a d d e d ,  
f o l lo w e d  by 1 ml.  d l p h e n y l o a r b a z l d e  s o l u t i o n  an d  w a t e r  t o  
t h e  mark. The a b s o rb a n o y  was m easured  w i t h i n  15 m in u t e s  
i n  1 cm. c o r e x  o e l l e  a t  5*0 a l l l l a l o r o n s . S o l u t i o n s  o f
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known o h ro m lu m { I I I ) c o n t e n t  when s u b j e c t e d  t o  t h e  same p ro ­
c e d u re  gave a s t a n d a r d  cu rv e  which obeyed B e e r ' s  Law,
I r o n  The sam ples  u se d  f o r  p r e c i p i t a t i o n  c o n t a i n e d  1 
m g./m l .  of l r o n ( I I I )  In  0 .2  H n i t r i c  a c i d .  A n a ly s i s  o f  f i l ­
t r a t e s  was c a r r i e d  o u t  s p e c t r o p h o t o m e t r l c a l l y  w i th  o -  
p h e n a n t h r o l l n e  a s  r e a g e n t  ( 9 , 2 7 ) .  The a n a l y t i c a l  p ro c e d u r e  
was a s  f o l l o w s :
An a l i q u o t  o f  f i l t r a t e  was p l a c e d  In  a 10 ml.  v o l u ­
m e t r i c  f l a s k  an d  t h e  i r o n ( I I I )  r ed u ce d  by 10 d rops  o f  1% 
hydroxy lam lne  h y d r o c h l o r i d e .  F iv e  d ro p s  o f  2 M sodium 
a o e t a t e  and 10  d ro p s  o f  0,5% O - p h e n a n th r o l ln e  were ad d ed  
and th e  f l a s k  f i l l e d  t o  t h e  mark w i th  w a t e r .  The a b s o rb a n o y  
was measured a t  510 m i l l l m l o r o n s  In  1 cm. o o rex  c e l l s .  The 
c a l i b r a t i o n  o u rv e  was c o n s t r u c t e d  by u s e  of  s t a n d a r d  Iron* 
( I I I )  s o l u t i o n s  s u b j e c t e d  t o  t h e  same p r o c e d u r e .
T in  Samples u s e d  f o r  p r e c i p i t a t i o n  c o n t a i n e d  6 .2 4
m g . /m l .  o f  t l n ( I V )  i n  3 H h y d r o o h l o r l o  a c i d .  The method 
u s e d  f o r  a n a l y s i s  o f  f i l t r a t e s  was c o l o r i m e t r i c  w i t h  t o l u e n e -  
3, 4 -  d i t h l o l  a s  r e a g e n t  (5 * 2 8 ) .  The a n a l y t i c a l  p r o c e d u r e  
was a s  f o l l o w s :
An a l i q u o t  o f  f i l t r a t e  was p l a c e d  In  a com p ar iso n  tu b e  
w i t h  a c a l i b r a t i o n  mark a t  10 m l.  Ten d rops  o f  c o n c e n t r a t e d  
h y d r o o h l o r l o  a c i d ,  2 d ro p s  o f  t h l o g l y o o l l o  a c i d  and  1 0  d ro p s  
o f  d i t h l o l  r e a g e n t  were  added  and  t h e  tu b e  was f i l l e d  t o  t h e  
mark w i t h  w a t e r .  A f t e r  30 seco n d s  on t h e  s team b a t h  a  r e d  
o o l o r  d e v e lo p e d  due t o  t h e  r e a c t i o n  be tw een  t l n ( I I )  and  th e
3^
r e a g e n t .  T h l o g l y c o l l c  a d d  reduced  t l n ( I V )  t o  t l n ( I I ) .
The c o n c e n t r a t i o n  o f  t i n  In  th e  f i l t r a t e  was e s t i m a t e d  by 
v i s u a l  com p ar iso n  w i th  s t a n d a r d s  of known t l n ( I V )  c o n t e n t  
s u b j e c t e d  to  t h e  same p r o c e d u r e .
The l i m i t i n g  c o n c e n t r a t i o n  of t l n ( I V ) ,  g i v i n g  a b a r e l y  
p e r c e D t l b l e  p in k  c o l o r ,  was 1 . 5  p .p .m .  In  t h e  co m p er len  
t u b e .  S in ce  t h e  c o l o r e d  compound was a suspended  s o l i d ,  
t h e  s e n s i t i v i t y  c o u ld  be s l i g h t l y  Improved by f i l t e r i n g  th e  
c o n t e n t s  of  t h e  com p ar iso n  tu b e  and o b s e r v in g  t h e  p in k  
c o l o r  on t h e  f i l t e r  p a p e r .
SBCTION 2: COFBBCIPITATION STUDIES
A p p a ra tu s
S a r g e n t  Model XXI P o la r o g r a p h
Beokman Model DU S p e c t ro p h o to m e te r  w i th  f lam e p h o to m e te r  
a t t a c h m e n t
O th e r  a p p a r a t u s  same a s  i n  co m p le ten ess  o f  p r e o l p l t a t l o n  
s t u d i e s .
R e a g e n ts
S ta n d a r d  s o l u t i o n s  o f  t h e  m e ta l  Ions :
Copper: a n  a p p r o p r i a t e  w eigh t  o f  CuSOit.5H20 m b
d i s s o l v e d  I n  w a te r  t o  g i v e  a  s o l u t i o n  con­
t a i n i n g  10  m g . /m l .  o f  C u ( I I ) .
N lo k e l :  a  s o l u t i o n ,  s t a n d a r d i z e d  g r a v l m e t r l c a l l y
w i t h  d lm e th y lg ly o x lm e ,  was d i l u t e d  t o  g i v e  
a  s o l u t i o n  c o n t a i n i n g  10 mg./ml o f  M l ( I I )
C o b a l t :  a n  a p p r o p r i a t e  w e ig h t  o f  CoCl2 *6 H9 0  was
d i s s o l v e d  i n  w a te r  t o  g iv e  a s o l u t i o n  co n ­
t a i n i n g  10 mg./ml o f  C o ( I I ) .
Manganese: a n  a p p r o p r i a t e  w e l g i t  o f  MnSQf* was d i s s o l v e d
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i n  w a te r  t o  g iv e  a s o l u t i o n  c o n t a i n i n g  10  
m g./m l .  o f  F n ( I I )
Magnesium: a n  a p p r o p r i a t e  w e igh t  o f  pu re  m e ta l  was 
d i s s o l v e d  i n  h y d r o c h l o r i c  a c i d  t o  g iv e  a 
s o l u t i o n  c o n t a i n i n g  10 rag . /ml.  o f  M g(II )
Barium: an  a p p r o p r i a t e  w eigh t  o f  BaCl2 . 2H20  was
d i s s o l v e d  in  w a te r  t o  g iv e  a s o l u t i o n  con­
t a i n i n g  10 m g . /m l .  o f  B a ( I I )
Calcium: a n  a p p r o p r i a t e  w eigh t  o f  CaCO' was d i s ­
s o lv e d  in  h y d r o c h l o r i c  a c i d ,  £he c a rb o n  
d io x id e  b o i l e d  o u t ,  and t h e  s o l u t i o n  d i ­
l u t e d  t o  10 m g . /m l ,  o f  C d ( I I )
S t r o n t i u m :  a n  a p p r o p r i a t e  w e igh t  o f  S r tN O o ^  was d i s ­
s o l v e d  In  w a te r  t o  g iv e  a s o l u t i o n  c o n t a i n i n g  
10  m g . /m l .  o f  S r ( I I )
A r s e n i c :  a n  a p p r o p r i a t e  w eigh t  o f  A82 O3 was d i s ­
s o l v e d  i n  sodium h y d r o x i d e , t h e  s o l u t i o n  
was a o l d l f l e d  w i t h  h y d r o o h l o r l o  s o l d  and 
d i l u t e d  t o  g i v e  a  s o l u t i o n  c o n t a i n i n g  10  
m g . /m l .  o f  A s ( I I I )
Cadmium-zinc m ix t u r e :  a p p r o p r i a t e  volumes o f  s o l u ­
t i o n s ,  s t a n d a r d i z e d  by t i t r a t i o n  w i t h  
e t h y l e n d l a r a l n e t e t r a a o e t l o  a c i d ,  were mixed 
t o  g iv e  a s o l u t i o n  c o n t a i n i n g  10  m g . /m l .  
o f  C d ( I I )  and  10 m g . /m l .  o f  Z n ( I I )
S t a n d a r d  m i x t u r e s  u s e d  f o r  t h e  o o p r e o l p l t a t l o n  e x p e r i m e n t s :
A p p r o p r i a t e  volumes o f  s o l u t i o n s  o f  t h e  b a s i c  b e n z o a te  
m e ta l s ,  s t a n d a r d i z e d  a s  d i r e c t e d  on p .  2 7 * w ere  mixed 
w i t h  a p p r o p r i a t e  volumes o f  s o l u t i o n s ,  s t a n d a r d i z e d  a s  
d i r e c t e d  on p .  3^» t o  g i v e  m ix t u r e s  c o n t a i n i n g  2 m g . /m l .  
o f  eaoh  b a s i c  b e n z o a te  m e ta l  and 2 m g . /m l .  o f  a 
■ fo re ig n *  m e t a l .
R e a g e n ts  f o r  t h e  d e t e r m i n a t i o n  o f  oop p er :
h y d ro x y lam ln e  h y d r o o h l o r l d e :  s o l i d
o u p r o ln e  ( 2 , 2 ' - b l q u i n o l l n e ) :  0 . 02# s o l u t i o n  I n  l s o -  
amyl a l c o h o l .
R e a g e n ts  f o r  t h e  d e t e r m i n a t i o n  o f  n l o k e l :  
b rom ine  w a t e r :  s a t u r a t e d
d ln e t h y l g ly o x l m e :  1# s o l u t i o n  I n  e t h y l  a l c o h o l
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R e a g a n ts  f o r  t h e  d e t e r m i n a t i o n  of manganese:
s u l f u r i c  a c i d :  c o n c e n t r a t e d
p o ta s s iu m  p e r i o d a t e :  s o l i d
R e a g e n ts  f o r  t h e  d e t e r m i n a t i o n  o f  a r s e n i c :
p o ta s s iu m  perm anganate :  0 . 1 0  g .  i n  100  m is .  o f  w a te r
m e r c u r i c  c h l o r i d e :  1 . 5  g .  i n  100  m is .  o f  w a te r
ammonium m o ly b d a te -h y d ra z in e  s u l f a t e  r e a g e n t :  s o l u t i o n
( a ) :  1 g .  o f  ammonium m olybdate  i n  10  m is .  o f  w a te r  
and  90 m is .  of  s u l f u r i c  a c i d .  S o l u t i o n  ( b ) :  0 , 15  g.  
o f  h y d r a z i n e  s u l f a t e  i n  100 mlB. o f  w a t e r .  For  u se  i n  
t h e  a r s e n i c  d e t e r m i n a t i o n ,  10  m i s .  e a ch  o f  s o l u t i o n s  
( a )  an d  (b )  were mixed and d i l u t e d  t o  100 m is .  T h is  
m ix t u r e  had t o  be p r e p a r e d  f r e s h  d a l l y .
E x p e r im e n ta l  p r o c e d u r e s
I d e n t i c a l  p r e o l p l t a t l d n  and w ash ing  p r o c e d u r e s  were  u s e d  f o r  
a l l  t h e  o o p r e o l p l t a t l o n  e x p e r im e n ts  and  c o n s i s t e d  o f  t h e  
f o l l o w i n g  s t e p s :
1 .  P r e o i p l t a t l o n  by th e  b a s l o  b e n z o a t e  m ethod
2 . H ash in g  th e  p r e c i p i t a t e
3 .  D l s s o l T i n g  t h e  p r e c i p i t a t e ,  r e p r e o l p l t a t l n g ,  and  
w a sh in g  t h e  seoond p r e c i p i t a t e .
1 .  P r e c i p i t a t i o n  p ro o e d u re :
F i r e  m i l l i l i t e r  sam ples  were u s e d ,  c o n t a i n i n g  2 m g . /m l .  
o f  e a c h  b a s i c  b e n z o a te  m e ta l  and  2  m g . /m l .  o f  a  " f o r e i g n *  
i o n .  The p r e o i p l t a t l o n  p ro o ed u re  was e s s e n t i a l l y  t h e  same 
a s  t h a t  g i v e n  on p .  29.  The pH was h e l d  a t  3 . 9 - ^ . 0 .  The 
m i x t u r e s  were f i l t e r e d  w h i l e  h o t  t h r o u g h  s  Oooch c r u o i b l e  
f i t t e d  w i t h  a  s m a l l  o l r o l e  o f  Whatman l a  f i l t e r  p a p e r .
S u c t i o n  was u sed  to  h a s t e n  th e  f i l t r a t i o n .
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2.  Washing p ro o e d u re :
The wash s o l u t i o n  was a h o t ,  2% s o l u t i o n  of  ammonium 
n i t r a t e ,  pH 3 . 9 .  A p o r t i o n  of t h i s  s o l u t i o n ,  a p p r o x im a te ly  
e q u a l  i n  volume t o  th e  o r i g i n a l  f i l t r a t e ,  was poured over  th e  
p r e c i p i t a t e  In  th e  Gooch c r u c i b l e ,  s t i r r e d  and a l lo w e d  to  
r u n  th r o u g h  co m p le te ly  b e f o r e  t h e  n e x t  p o r t i o n  was ad d ed .
T h a t  p o r t i o n  o f  f o r e i g n  m e t a l ,  r e m a in in g  In  t h e  p r e c i p i t a t e  
a f t e r  e i g h t  w ash in g s ,  was c o n s i d e r e d  t o  be  c o p r e o l p l t a t e d .
The f i l t r a t e ,  t o g e t h e r  w i th  th e  w a s h in g s ,  d i l u t e d  to  
known volume l a  r e f e r r e d  t o  a s  t h e  f i r s t  f i l t r a t e  In  t h e  
p r o o e d u r e s  which f o l lo w ,
3 .  D i s s o l u t i o n  o f  t h e  washed p r e c i p i t a t e ,  r e p r e o l p l t a t l o n ,  
and  w a sh in g  t h e  second  p r e c i p i t a t e :
The washed p r e c i p i t a t e  from s t e p  2 was r e d l s s o l v e d  In  
a minimum q u a n t i t y  o f  c o n c e n t r a t e d  h y d r o c h l o r i c  a d d  and  r e -  
p r e c i p i t a t e d  a c c o r d i n g  tb  t h e  p r o o e d u r e  o f  s t e p  1 .  T h is  
seco n d  p r e c i p i t a t e  was washed t h r e e  t i m e s  a c c o r d i n g  t o  th e  p ro ­
o e d u re  o f  s t e p  2 . The f i l t r a t e ,  t o g e t h e r  w i t h  t h e  w ash in g s ,  
d i l u t e d  t o  known volume i s  r e f e r r e d  t o  a s  t h e  seoond f i l ­
t r a t e  i n  t h e  p ro o e d u re s  which  f o l l o w .  I t  i s  assumed t o  con­
t a i n  a l l  b u t  a n e g l i g i b l e  f r a c t i o n  o f  t h e  o r i g i n a l l y  oo -  
p r e c l p l t a t e d  f o r e i g n  Ion .
A n a l y t i c a l  p r o o e d u re s  f o r  t h e  I n d i v i d u a l  m e t a l s :
P o s s i b l e  I n t e r f e r e n c e s  I n  t h e  s a m l y t l o s l  p ro o e d u re s
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were t r a c e s  of b a s i c  ben zo a te  m e t a l s .  To compensate f o r  
t h i s ,  p o r t i o n s  of  a f i l t r a t e  from a p r e c i p i t a t i o n  of t h e  
b a s i c  b enzoa te  group  were added to  th e  Btandard  s o l u t i o n s  
used  In c o n s t r u c t i n g  th e  c a l i b r a t i o n  c u r v e s .
Copper . The f i r s t  f i l t r a t e  was d i l u t e d  t o  500 m i s . ,  th e  
Becond t o  100 mis .  A n a l y s i s  f o r  copper  was c a r r i e d  out  sp ec -  
t r o n h o t o m e t r i c a l l y  wi th  c u p r o l n e  ( 2 , 2 ' - b l q u l n o l l n e ) a s  r e ­
a g e n t  ( 6 ) .  The p ro ce du re  wns a s  f o l l o w s :
In  a g l a s s  s to p p e re d  t e s t  tu b e  w i th  a c a l i b r a t i o n  mark 
a t  5 m i s . ,  was p la c e d  an  a l i q u o t  of  f i l t r a t e  and l t B  volume 
made up t o  5 m is .  w i th  w a te r .  A p in c h  o f  s o l i d  hydroxylamine 
h y d r o c h lo r id e  and 5 m is .  of  c u p ro ln e  s o l u t i o n  In  isoamyl 
a l c o h o l  were added .  The m ix tu re  was t h e n  shaken f o r  J O  
s e c o n d s ,  c e n t r i f u g e d  f o r  1 m inu te  and t h e  abso rb an cy  of  th e  
a l c o h o l  l a y e r  measured a t  540 m i l l i m i c r o n s  i n  1 cm. oo rex  c e l l s .
H l c k e l . A f t e r  d i l u t i o n  t o  500 * 1 * .  f o r  th e  f i r s t  f i l t r a t e ,  
t o  100  m is .  f o r  t h e  second ,  s p e c t r o p h o t o m e t r i o  a n a l y s i s  w i th  
d lm e thy lg lyox lm e  ( 2 3 , 2 9 ) was c a r r i e d  o u t  a s  f o l lo w s ;
An a l i q u o t  o f  f i l t r a t e  was p l a c e d  i n  a 25 ml. v o l ­
u m e t r i c  f l a s k  and 10  drops of s a t u r a t e d  bromine w a te r  added .  
E xcess  bromine was d e s t ro y e d  w i th  ammonia and 1 ml. of  d i ­
me th y  I g l  ox lme added .  The f l a s k  was f i l l e d  w i th  w a te r  and  
t h e  abso rbanoy  measured a t  540 m i l l i m i c r o n s .
C o b a l t . The f i r s t  f i l t r a t e  was d i l u t e d  t o  5 °°  m i s . ;  t h e  
second  t o  100 m is .  A n a ly s i s  f o r  c o b a l t  was r u n  s p e o t ro p h o t o -  
m e t r l c a l l y  i n  a n  a c e to n e  medium w i t h  ammonium th lo o y a n a t e
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ae  r e a g e n t  (30. The p r o c e d u r e  was a s  f o l l o w s :
To an  a l i q u o t  of f i l t r a t e  In  a 25 ml.  v o lu m e t r i c  f l a s k  
were added 2 m is .  of ammonium t h l o c y a n a t e  and 1 2 . 5  m is .  o f  
a c e t o n e .  The f l a s k  was f i l l e d  t o  th e  mark w i th  w a te r  and 
t h e  abso rbanoy  measured a t  61 0  m i l l i m i c r o n s .
Manganese The f i r s t  f i l t r a t e  was d i l u t e d  to  50° m i s . ,  
t h e  second  t o  100 m is .  A n a l y s i s  f o r  m a n g a n e s e ( I I ) was 
c a r r i e d  ou t  s p e c t r o p h o t o m e t r l c a l l y  from th e  c o l o r  of  t h e  
perm anganate  formed by o x i d a t i o n  w i th  p e r i o d a t e .  The p r o ­
c e d u re  was a s  f o l l o w s :
To an  a l i q u o t  o f  f i l t r a t e  I n  a s m a l l  b e a k e r ,  5 m is .  
o f  c o n c e n t r a t e d  s u l f u r i c  a c i d  were added  and  th e  m ix tu re  
b o i l e d  t o  30^ fumes In  o r d e r  t o  remove o h l o r l d e s .  A f t e r  
c o o l i n g ,  0 . 3  g .  o f  s o l i d  p o t a s s iu m  p e r i o d a t e  was added  and  
t h e  s o l u t i o n  was a g a i n  b r o u g h t  t o  a b o l l ,  t h e n  I t  was k e p t  h o t  
f o r  10  m inu tes  on t h e  s team  b a t h  t o  oom ple te  t h e  o x i d a t i o n  
t o  perm angana te .  I t  was t r a n s f e r r e d  t o  a 25 ml.  v o l u m e t r i c  
f l a s k ,  d i l u t e d  t o  t h e  mark w i t h  w a te r  and  th e  abso rbanoy  
m easu red  a t  525  m i l l i m i c r o n s .
C a lc iu m .  S t r o n t i u m .  Magnesium. Barium S e p a r a t e  e x p e r im e n t s  
w ere  perfo rm ed  f o r  e a ch  m e t a l .  F i r s t  f i l t r a t e s  were d i l u t e d  
t o  250 m i s . ;  seoond f i l t r a t e s  t o  100 m is .  A n a ly s i s  (4 3 ) was 
p e r fo rm e d  by means of  a Beckman DU S p e c t ro p h o to m e te r  f i t t e d  
w i t h  a p h o t o m u l t i p l i e r  and  a f l a m e  p h o to m e te r  a t t a c h m e n t .
The p ro o ed u re  was a s  f o l l o w s :
The transm ission d ia l was turned to  zero, the wave-
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l e n g t h  s e t  a t  the  a p p r o p r i a t e  v a lu e  f o r  t h e  metal  under  a n a l ­
y s i s  and th e  b u rn e r  l i g h t e d  w i th  oxygen p r e s s u r e  a t  12  p . s . l .  
and a c e t y l e n e  a t  3 p . s . l .  The In s t ru m en t  was n u l l e d  a g a i n s t  
a b lank  c o n t a i n i n g  a l l  components of th e  sample ex c ep t  t h e  
m eta l  t o  be d e te rm in e d .  The sample was th e n  sp rayed  I n t o  th e  
f lame and th e  In s t ru m e n t  b ro u g h t  In to  ba lan ce  w i th  th e  t r a n s ­
m is s io n  knob.
Pour known s o l u t i o n s  were used  to  e s t a b l i s h  th e  c a l i ­
b r a t i o n  curve  f o r  each  m e t a l .  The wave lengthB u sed  were 
6 2 6 , 6 0 6 , 371 m i l l i m i c r o n s  f o r  ca lc ium ,  s t r o n t iu m  and mag­
nesium r e s p e c t i v e l y .  Both 520 and  550 m i l l im ic r o n s  were 
t r i e d  f o r  t h e  d e t e r m i n a t i o n  o f  bar ium , b u t  background energy  
was so h igh  t h a t  no p r o p o r t i o n a l i t y  cou ld  be e s t a b l i s h e d  be­
tween I n t e n s i t y  and c o n c e n t r a t i o n .
Cadmium and r l n o . The f i r s t  f i l t r a t e  was d i l u t e d  t o  250 m i s . ;  
t h e  second t o  100 m is .  Both m e ta l s  were de te rm ined  in  th e  
same s o l u t i o n  p o l a r o g r a p h l o a l l y  a t  th e  d ro p p in g  meroury e l e c ­
t r o d e .  The p ro c e d u re  was a s  f o l l o w s :
Drop t im e  was f o u r  s e c o n d s .  N i t ro g e n  was bubb led  
th ro u g h  th e  sample s o l u t i o n s  f o r  t e n  m inu tes  p r i o r  t o  a n a l y ­
s i s .  N e i th e r  t h e  a d d i t i o n  o f  a s u p p o r t i n g  e l e o t r o l y t e  no r  
o f  a maximum s u p p r e s s o r  was found  n e c e s s a r y .
Pour s o l u t i o n s  of  known cadmium and s in e  c o n c e n t r a t i o n s  
were used  a s  s t a n d a r d s .
A r s e n ic  The f i r s t  f i l t r a t e  was d i l u t e d  t o  1250  m i s . ;  t h e  s e ­
cond t o  200  m is .  A n a ly s i s  mas c a r r i e d  ou t  s p e o t ro p h o to m e t -
41
r i c a l l y  from th e  c o l o r  o f  molybdenum b lu e  formed by a rBenlo(V )  
in  the  p re sen ce  of  a s u i t a b l e  r ed u c in g  a g e n t  ( 1 9 , 3 1 ) .  The 
p rooedure  was bb f o l l o w s :
An a l i q u o t  of f i l t r a t e  was p laced  In  a sm al l  b e a k e r ,
1 ml.  of m e rc u r ic  c h l o r i d e  s o l u t i o n ,  0 .2  ml. of  6  N s u l f u r i c  
a c i d  and 0 . 1$ ml, of p o ta s s iu m  permanganate s o l u t i o n  were 
added .  The m ix tu re  was h e a t e d  on the steam b a th  f o r  $ m in u te s ,  
$ m is .  o f  h y d ra z ln e -m o ly b d a te  r e a g e n t  were added ,  and th e  
h e a t i n g  c o n t in u e d  f o r  1 $ m in u t e s .  The m ix tu re  was t h e n  co o led  
and t r a n s f e r r e d  t o  a 2 $ m l.  v o lu m e t r ic  f l a s k  and d i l u t e d  to  
t h e  mark w i th  w a t e r .  The a b s o rb a n o y ,  r e c o rd e d  a t  840 m l l l l -  
m lo rons ,  r e a c h e d  a maximum a f t e r  8 h o u r s .  The d a ta  g iv e n  In 
T ab le  VII  a r e  from r e a d i n g s  t a k e n  a f t e r  t h i s  l e n g t h  o f  t im e .
PABT I I
SYSTEMATIC SPOT TEST PBOCEDUHKS FOR THE CATIONS OF THE 
L.S.U.  QUALITATIVE SCHEKE.
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SYSTEMATIC SPOT TEST PROCEDURES FOR THE CATIONS OF THE L .3 .U .  
QUALITATIVE SCHEME.
INTRODUCTORY REMARKS 
A m a jo r  u s e  of q u a l i t a t i v e  schemes I s  In  th e  t e a c h i n g  
l a b o r a t o r y .  The p r i n c i p l e s  of ohem lca l  e q u i l i b r i u m ,  common 
Ion e f f e c t ,  h y d r o l y s i s ,  a s  w e l l  a s  t h e  c h e m ic a l  p r o p e r t i e s  
of  t h e  common m e t a l s ,  a r e  b e s t  Im pressed  on t h e  minds of 
s t u d e n t s  by t h e  l e c t u r e s  and l a b o r a t o r y  e x e r c i s e s  g iv e n  In  
c o n n e c t i o n  w i th  a sound system o f  q u a l i t a t i v e  a n a l y s i s .
F o r  p e d a g o g ic a l  r e a s o n s  th e  schemes a r e  u s u a l l y  lo n g e r  
and  more e l a b o r a t e  th a n  Is  s t r i c t l y  r e q u i r e d  f o r  t h e  p r a c t i c a l  
p u rp o se  o f  i d e n t i f y i n g  th e  m e ta ls  In c lu d e d  i n  them . S epa­
r a t i o n  p r o c e d u r e s  a r e  o a r r l e d  th ro u g h  u n t i l  e a c h  m e ta l  i s  
I s o l a t e d  from  a l l  o t h e r s  b e f o r e  c o n f i r m a to r y  t e s t s  a r e  a p p l i e d .  
A t t h e  e x p e n se  o f  t h e  e d u c a t io n a l  v a lu e  o f  th e  sohem es, th ey  
ca n  be  s i m p l i f i e d  a n d  s h o r te n e d  by u se  o f  o r g a n ic  r e a g e n t s ,  
s p e c i f i c  an d  s e l e c t i v e  r e a c t i o n s ,  m asking  by coa tp lex lng  
a g e n t s ,  an d  t h e  s p o t  t e s t  t e c h n iq u e .
P a r t  I I  o f  t h i s  d i s s e r t a t i o n  has  f o r  I t s  p u rp o se  th e  
p r e s e n t a t i o n  o f  a s i m p l i f i e d  and r a p i d  i d e n t i f i c a t i o n  p ro ­
o e d u re  f o r  t h e  o a t l o n s  o f  th e  L .S .U . q u a l i t a t i v e  soheme.
O roup s e p a r a t i o n s  o f  th e  soheme w i l l  be  em ployed, b u t  
s e p a r a t i o n s  w i t h i n  t h e  g ro u p s  w i l l  be k e p t  a t  a minimum. The 
s p o t  t e s t s  em ployed  a r e ,  f o r  th e  most p a r t ,  w e l l  known an d  
c a n  be found  i n  th e  l i t e r a t u r e  ( 7 ) .  Many w i l l  be s i m p l i f i e d  
b e c a u se  o f  h ig h  c o n c e n t r a t i o n s  and r e s t r i c t e d  r a n g e s  df
kk
l n t e r f e r e n c e s  enco u n te red  In th e  t e s t  s o l u t i o n s .
The p r e s e n t a t i o n  w i l l  be In the  f o l lo w in g  o rd e r :  d i ­
r e c t i o n s  f o r  d i s s o l v i n g  the  group p r e c i p i t a t e ;  l i s t  of ma­
t e r i a l s  needed f o r  each t e s t ,  fo l low ed  by th e  p rocedu re  f o r  
each  t e s t .  For use  w i th  a s i n g l e  group unknown, no p r e ­
l i m i n a r y  group p r e c i p i t a t i o n  Is  r e q u i r e d .
SPOT TEST PROCEDURES
THE CHLORIDE OROUP: FKRCURY ( I ) ,  SILVER, LEAD
P la c e  a sm all p o r t i o n  of th e  c h l o r id e  p r e c i p i t a t e  in  
a t e s t  tu b e .
M ercury
M a t e r i a l s :  10 % p o ta ss iu m  cy an id e  s o l u t i o n  
P ro c e d u re :  Add 5 d rops o f  w a te r  and 1 d rop  of p o ta ss iu m
c y a n id e .  A d a rk e n in g  of th e  p r e o l p l t a t e  i n d i ­
c a t e s  th e  p re s e n c e  o f  m e ro u ry (I )
£ H Z e r
M a t e r i a l s :  p -d lo e th y la m ln o b e n z a lrh o d a n ln e :  s a t u r a t e d  s o l u t i o n  
in  a o e to n e .
P ro c e d u re :  To th e  m ix tu re  u se d  In  th e  m ercury t e s t  add a n o th e r  
d rop  o f  p o ta ss iu m  oyan lde  and  s t i r .  P la c e  one drop  
o f  t h i s  m ix tu re  on a w h ite  s p o t  p l a t e ,  add  1 drop 
o f  p -d lm e th y lam ln o b e n z a lrh o d an ln e  and a c i d i f y  
w i th  n l t r l o  a d d .  A r e d - v i o l e t  o o lo r  I n d i c a t e s  
th e  p re se n c e  o f  s i l v e r .  The p o ta ss iu m  oyan lde  I s  
added t o  com plete  th e  masking o f  m ercury , whloh
o th e rw ise  I n t e r f e r e s .
*5
Lead
M a t e r i a l s :  d l t h i z o n e  ( d lp h e n y l t h i o o a r b a z o n e ) : 10 mg. In
100 ml. of carbon  t e t r a c h l o r i d e .
P ro c e d u re :  To the  rem ainder  of  th e  m ix tu re  in  the teBt tube
add 8 - 1 0  more d rops  of  po tass ium  cyan ide  so ­
l u t i o n  to co m p le te ly  mask the s l i v e r  and mer­
c u r y .  S topper  t h e  tube  and shake I t  v i g o r o u s l y .  
Add 5 - 6  drops of  d l t h i z o n e  and shake .  A p ink  
o rg a n ic  l a y e r  shows th e  p re s e n c e  of l e a d .  I f  
t h i s  l a y e r  rem ains  unchanged or  t u r n s  o ran g e ,  t h e  
t e s t  I s  n e g a t i v e .
THB BASIC BENZOATE OBOUP: IB O N (III ) ,  BISMUTH, CHBONIUNCIII),
T IN (IV ), ANTIMONY( I I I ) , ALUMINUM
D isso lv e  th e  group p r e c i p i t a t e  In  th e  minimum q u a n t i t y
o f  c o n c e n t r a t e d  h y d ro c h lo r ic  a o i d ,  add w a te r  t o  make th e
volume 2 - 3  m is .  and h e a t  t o  b o i l i n g .  A sm all amount o f
b e n z o ic  a c id  w i l l  o r y s t a l l l z e  a s  t h e  s o l u t i o n  c o o ls  and  can
be Ig n o re d .
2rjja
M a t e r i a l s :  p o tass iu m  th lo c y a n a te :  3 #  aqueous s o l u t i o n
P ro c e d u re :  On a w h ite  s p o t  p l a t e  p la c e  one drop o f  t e s t  so ­
l u t i o n ,  add one d rop  o f  p o ta ss iu m  th lo o y a n a t e .
A d a rk  r e d  c o lo r  I n d i c a t e s  th e  p re se n c e  o f  I ro n  
( I I I ) .
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Bismuth
R e t e r l a l s :
P ro c ed u re :
M a te r i a l s :
P ro c e d u re :
T in
R a te r  l a l s :
s tan n o u s  c h l o r i d e :  0 .1  P s o l u t i o n  In 6 H hydro ­
c h l o r i c  a c i d
sodium h ydrox ide :  6 P
On a w hi te  sp o t  p l a t e  p lace  1 drop of  t e s t  s o ­
l u t i o n ,  make s t r o n g l y  a l k a l i n e  w i th  sodium hy­
d ro x id e  ( 3 - 4  d r o p s ) ,  add 1 drop of s ta n n o u s  
c h l o r i d e  s o l u t i o n .  The b la ck  c o l o r  of t h e  reduced  
m e ta l  I n d i c a t e s  th e  p resence  o f  b ism uth .
hydrogen p e ro x id e :  Jl s o l u t i o n
sodium h y d ro x id e :  6 H s o l u t i o n
d lp h e n y lc a rb a z id e :  0 . 25J* s o l u t i o n  in  a 1 : 1  a o e -
to n e -w a te r  m ix tu re
s u l f u r i c  a c i d :  6 R
On a w h ite  s p o t  p l a t e  p laoe  1 drop  o f  t e s t  s o l u t i o n ,  
add 1 d rop  o f  hydrogen  p e ro x id e ,  make a l k a l i n e  
w i th  sodium h y d ro x id e  ( 1 - 2  d r o p s ) ,  a l lo w  to  
s ta n d  f o r  30  se c o n d s ,  th e n  add 1 d rop o f  d ip h e n y l-  
o a rb a z ld e  s o l u t i o n  and a c i d i f y  w i th  s u l f u r l o  a c i d .
A p u r p le  o o lo r  I n d ic a t e s  th e  p re se n c e  o f  chromium. 
B e t t e r  r e s u l t s  a r e  o b ta in e d  I f  th e  t e s t  I s  ru n  In  
a t e s t  tu b e  and th e  c o n te n ts  b o i l e d  a f t e r  t h e  
a d d i t i o n  of hydrogen  p e ro x id e .
h y d ro o h lo r lo  a c i d :  6 R s o l u t i o n
I ro n  f i l i n g s  o r  s t e e l  wool
c a c o t h e l l n e :  s a t u r a t e d  aqueous s o l u t i o n
P rocedure :  In a sm al l  t e s t  tu b e  p la ce  3 - 4  drops  o f  t e s t
s o l u t i o n ,  make up to  1 ml. w i th  h y d r o c h l o r i c  a c i d ,  
and b o i l  f o r  ab o u t  t h r e e  m in u te s ,  a d d in g  more 
a c i d  i f  n e c e s s a r y .  P lace  a drop of th e  m ix tu re  
on a w h i te  sp o t  p l a t e  and add 1 drop of c a c o t h e -  
l l n e .  A p u r p l e  c o l o r  i n d i c a t e s  the  p r e s e n c e  of 
t  i n .
Antimony
M a te r i a l s :  h y d r o c h lo r ic  a d d :  c o n c e n t r a te d
sodium n i t r i t e :  s o l i d
p h o sp h o r ic  a d d :  c o n c e n t r a te d
rhodam lne B: 0 ,2% aqueous s o l u t i o n  
benzene
P ro o e d u re :  P la c e  2 d rops o f  t e s t  s o l u t i o n  In  a t e s t  tu b e ,  
add  a p in c h  o f  sodium n i t r i t e ,  1 d rop  o f  hydro*  
c h l o r i c  a d d ,  3 d rops of p h o sp h o r ic  a c i d  and 3 
d ro p s  o f  rhodam lne B s o l u t i o n .  A p u r p le  c o l o r  
I n d i c a t e s  th e  p re s e n c e  o f  an tim ony . The b la n k ,  
which Is  a d v i s a b l e  h e r e ,  I s  b ro w n -red . I f  t h e  r e ­
s u l t s  o f  th e  t e s t  a r e  d o u b t fu l ,  f i l l  a  w h i te  sp o t  
p l a t e  d e p r e s s io n  w i th  benzene and add a d ro p  of 
th e  m ix tu re  from th e  t e s t  tu b e .  Observe th e  in ­
t e r f a c e  betw een th e  drop and th e  b e n z e n e . I f  
an tim ony  I s  p r e s e n t ,  th e  drop w i l l  b le e d  a b r i g h t  
p u r p l e . ( 4 2 ) .
k8
For a s u c c e s s f u l  t e s t  ant lmony(V) must be 
p r e s e n t .  O x id a t io n  can a l s o  be accom pl ished  by
0 .1  N c e r l c  s u l f a t e  In s u l f u r i c  a c i d ,  fo l low ed  
by a drop of  1< hydroxylam lne h y d r o c h l o r i d e .  T h is  
may g iv e  b e t t e r  r e s u l t s ,  b u t  l a c k s  t h e  s l m p l l o l t y  
of  th e  n i t r i t e  o x i d a t i o n .
Phospho r ic  a c i d  complexes l r o n ( I I I )  which 
o th e rw i s e  I n t e r f e r e s  w i th  t h e  t e s t .
Aluminum
M a te r i a l s :  sodium h y d ro x id e : 6 M s o l u t i o n
a lu m ln o n  ( a u r ln  t r i c a r b o x y l i c  a c i d ) :  O . l l  so ­
l u t i o n  In  ammonium a c e t a t e .
h y d r o c h lo r i c  a c i d :  6 I! s o l u t i o n
ammonium c a rb o n a te :  s a t u r a t e d  aqueous s o l u t i o n
P ro c e d u re :  I n  a  sm a ll  t e s t  tu b e  p la o e  5 - 6  d rops  o f  th e  
t e s t  s o l u t i o n ,  make s t r o n g ly  a l k a l i n e  w i th  6 H 
sodium h ydrox ide  and c e n t r i f u g e .  P lao e  one drop 
o f  t h e  o e n t r l f u g a t e  on a w h i te  s p o t  p l a t e .
A c id i f y  w ith  h y d ro o h lo r lo  a c i d  (1 -2  d r o p s ) ,  add  
1 d rop  o f  a lum lnon  r e a g e n t ,  fo l lo w e d  by ammonium 
c a rb o n a te  added d ropw lse  u n t i l  a l l  e v o l u t io n  of 
c a rb o n  d io x id e  c e a s e s .  A p in k  p r e c i p i t a t e  In ­
d i c a t e s  th e  p re s e n c e  o f  alum inum . T rea tm en t w ith  
sodium  hy d ro x id e  removes I ro n  an d  b ism u th , w h ile  
t h e  ammonium c a rb o n a te  d e s t r o y s  th e  l a k e s  formed 
w i th  a lum lnon  by th e  o th e r  m e ta l s .
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THE FLUORIDE QROUP: LEAD, MA0NE3IUM, BARIUM, STRONTIUM,
CALCIUM
To th e  group p r e c i p i t a t e  In a t e s t  tube  add 1 - 2  drops 
of  c o n c e n t r a t e d  h y d r o c h lo r i c  a c i d ,  fo l lo w e d  by s a t u r a t e d  
b o r i c  a c i d  s o l u t i o n  u n t i l  th e  m ix tu re  becomes c l e a r .  Now 
add 3 P armonla s o l u t i o n  u n t i l  a p r e c i p i t a t e  forms and then  
6 M a c e t i c  a c i d  u n t i l  th e  s o l u t i o n  J u s t  becomes c l e a r  a g a i n .  
T h is  g iv e s  a s o l u t i o n  w i th  th e  p ro p e r  pH f o r  th e  f o l lo w in g  
t e s t s .
Lead
M a t e r i a l s :  Bodlum s u l f i d e :  0 .1  M s o l u t i o n
P ro c e d u re :  To one drop of  t e s t  s o l u t i o n  on a w hi te  s p o t  
p l a t e  add one drop o f  sodium s u l f i d e  s o l u t i o n .
A b la o k  p r e c i p i t a t e  i n d i c a t e s  th e  p re se n c e  of 
l e a d .
Magnesium
M a te r i a l s :  S and  0 r e a g e n t  ( p - n i t r o b e n z e n e a z o r e s o r o i n o l ) :
1 . 2  g .  i n  250  m is . o f  0 .2 5  K sodium hydrox ide  
s o l u t i o n
sodium h y d ro x id e :  6 M s o l u t i o n
P ro c e d u re :  To one drop  o f  t e s t  s o l u t i o n  on a w h ite  s p o t
p l a t e  add  1 d rop o f  S and  0  r e a g e n t ,  th e n  make 
a l k a l i n e  w i th  sodium h y d ro x id e .  A b lu e  p r e c i p i ­
t a t e  i n d i c a t e s  th e  p re s e n c e  o f  magnesium. The 
t e s t  I s  s p e c i f i c  f o r  magnesium and no b la n k  i s  
n eeded  ( 3 7 ) .
50
Barium
M a t e r i a l s :  disodium v e r s e n a t e  (d lsod ium  s a l t  of e t h y l e n e -  
d l a m i n e t e t r a a c e t l c  a c i d ) :  s a t u r a t e d  aqueous 
s o l u t i o n
sodium r h o d lz o n a te :  add s u f f i c i e n t  of th e  s o l i d
to  w a te r  t o  g iv e  a d a rk  brown s o l u t i o n .  The s o ­
l u t i o n  i s  no t  s t a b l e  f o r  more th an  two or t h r e e  
h o u r s .
ammonium c h l o r i d e :  s a t u r a t e d  aqueous s o l u t i o n
P ro c e d u re :  To one drop of teBt s o l u t i o n  on a w h i te  spot
p l a t e  add one drop  o f  d lsodium v e r s e n a t e  s o l u t i o n .  
S t i r  and add one d rop  of  sodium r h o d lz o n a te ,  t h e n  
5 - 1 0  drops  o f  ammonium c h l o r i d e  s o l u t i o n .  A 
p in k  c o l o r  I n d i c a t e s  th e  p re s e n c e  of  bar ium , which 
forms a p ink  a c i d  s a l t  w i th  th e  r h o d l z o n a t e .  I f  
l e a d  i s  a b s e n t ,  th e  v e r s e n a t e  i s  n o t  n eed ed .  Am­
monium c h l o r i d e  g i v e s  t h e  p ro p e r  a c i d i t y  f o r  t h e  
f o rm a t io n  of  th e  a o l d  s a l t .
S t ro n t iu m
M a t e r i a l s :  po ta ss iu m  chromate  p a p e r :  heavy f i l t e r  paper  ( t h e  
most s a t i s f a c t o r y  i s  Whatman No. 120) i s  s a t u r a t e d  
w i th  po ta ss ium  o h r o a e t e  s o l u t i o n .  The ohromate  
s o l u t i o n  used  i s  made from a s a t u r a t e d  s o l u t i o n  
d i l u t e d  w i th  two p a r t s  o f  w a te r .
sodium r h o d l z o n a t e :  s an e  s o l u t i o n  a s  t h a t  u sed  f o r  
th e  barium t e s t .
P ro c e d u re :  On t h e  po ta ss iu m  ohrom ate  p ap e r  p la o e  a d rop  o f  
t h e  t e s t  s o l u t i o n  and  a l l o w  i t  to  soak  In  com­
p l e t e l y .  Then add t o  th e  m iddle  o f  th e  s p o t  a 
d rop  o f  Bodlun r h o d l z o n a t e  s o l u t i o n .  A brow n-red  
sp o t  o r  f l e c k  l n d l o a t e s  t h e  p re sen ce  of  s t r o n t i u m .
C a la l u a
M a t e r i a l s :
P ro c e d u re :
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Lead and  b a r iu m , which a l s o  r e a c t  w i th  t h e  
r h o d l z o n a t e ,  a r e  d e a c t i v a t e d  on th e  s u r f a c e  o f  th e  
p a p e r  a s  c h ro m a to s .  S tro n t iu m  ohrom ate , b e in g  
f a i r l y  s o l u b l e ,  s u p p l i e s  s u f f i c i e n t  Ions to  g iv e  
th e  t e s t .  A b la n k  c o n t a in i n g  a l l  th e  o th e r  Ions 
o f  th e  g ro u p  sh o u ld  be used h e r e .
d lso d iu m  v e r s e n a t e :  s a t u r a t e d  aqueous s o l u t i o n  
ammonium o x a l a t e :  s a t u r a t e d  aqueous s o l u t i o n  
On a  b la c k  s p o t  p l a t e  p la o e  one drop  o f  t e s t  
s o l u t i o n .  Add 1 d ro p  o f  d lsodium  v e r s e n a t e ,  s t i r ,  
th e n  1 d ro p  o f  ammonium o x a l a t e .  A w h i te  p r e c i ­
p i t a t e  i n d i c a t e s  th e  p re s e n c e  of c a lc iu m . A 
b la n k  c o n t a i n i n g  th e  o th e r  io n s  o f  th e  g ro u p  
s h o u ld  be  u se d  h e r e .
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THB NON-AKPHOTKBIC OBOUP: IBOM(II)( COBALT(II), MANGANB£>E(II),
MEBCUBY(II), COPP£B(II) , NICKEL, 
CADMIUM
The group  p r e c i p i t a t e  I s  d i s s o lv e d  In  th e  minimum
amount o f  6 M h y d r o c h lo r lo  a c id  and d i l u t e d  t o  2 -  3 ®1®.
w ith  w a te r .
I r o n
M a t e r i a l s :  <^#d ? - d l p y r l d y l : 2$ B o lu t lo n  In  e t h y l  a l o o h o l
P ro o e d u re :  P la o e  one d rop  o f  t e s t  s o l u t i o n  on a w h i te
s p o t  p l a t e  and add 1 d rop  of r e a g e n t .  A ro d  
o o lo r  I n d i c a t e s  th e  p resen o e  o f  l r o n ( I I ) .
C o b a lt
M a te r i a l s :  sodium t h l o s u l f a t e :  20$ aqueous s o l u t i o n
p o ta s s iu m  th lo o y a n a te :  30% aqueous s o l u t i o n  
a o e to n e
P ro o e d u re :  On a w h i te  s p o t  p l a t e  p la o e  one d rop  o f  t e s t  
s o l u t i o n .  Add 1 drop  of sodium t h l o s u l f a t e , 
s t i r ,  add  one d rop  of p o ta ss iu m  th lo o y a n a t e ,  
th e n  5 - 6  d rops  o f  a o e to n e .  A b r i g h t  b lu e  o o lo r  
i n d l o a t e s  th e  p rese n o e  of o o b a l t .  T h l o s u l f a t e  
masks th e  I n t e r f e r i n g  m e ta l s .
Manganese
M a t e r i a l s :  s u l f u r l e  mold: 6 M s o l u t i o n  
sodium  b i s m u th s te :  s o l i d
P ro o e d u re :  On a w h i te  s p o t  p l a t e  p la o e  a d rop  o f  t e s t  so­
l u t i o n  and  add 1 d rop  o f  s u l f u r l o  a o ld  and a 
p ln o h  o f  sodium b ls m u th a te .  The v i o l e t  o o lo r
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o f  sodium perm anganate i n d i c a t e s  th e  p rese n o e  
o f  m anganese( I T ).
Mercury 
M a te r i a l s :
.P ro c e d u re :
Ss s s s l
M a te r i a l s :
P ro o e d u re :
a i s t e i
M a te r i a l s :
P ro o e d u re :
p o ta ss iu m  lo d ld e -so d lu m  s u l f i t e  s o l u t i o n :  5 g .
KI and 20  g .  NaSO-}.?!^ In 100  m is . o f  w a te r .
co p p e r  s u l f a t e :  5 g . C uSO j^f^O  In 100  m is . of 
1 M h y d ro c h lo r ic  a c i d .
On a w h ite  sp o t  p l a t e  p laoe  1 d rop  o f  th e  p o ta s ­
sium lo d ld e -so d lu m  s u l f i t e  s o l u t i o n ,  add 1 d rop 
o f  co p p e r  s u l f a t e  s o l u t i o n  and 1 drop o f  t e s t  
s o l u t i o n .  An o ra n g e - re d  c o lo r  I n d i c a t e s  th e  
p re se n o e  of m e rc u ry ( I I ) .
melonlo a c id :  20% aqueous s o l u t i o n  
d l th lo o x a m id e :  ljf s o l u t i o n  In  e t h y l  a l c o h o l  
Ota a w h ite  s p o t  p l a t e  p la o e  1 d rop  o f  t e s t  so­
l u t i o n ;  add 1 d rop  o f  m alonlo  a c i d  s o l u t i o n  and 
s t i r .  Now add a drop of d l th lo o x a m id e  s o l u t i o n .  
A d a rk  g re e n  o o lo r  showB th e  p re se n o e  o f  co p p e r . 
The t e a t  I s  s p e c i f l o .
ammonium f l u o r i d e :  s a t u r a t e d  aqueous s o l u t i o n  
d lm e th y lg ly o x lm e: 1% s o l u t i o n  In  e t h y l  a l c o h o l  
On a w h ite  sp o t  p l a t e  p la o e  one d rop  o f  t e s t  
s o l u t i o n .  Add one drop o f  ammonium f l u o r i d e  so ­
lu t io n , s t i r ,  add one d rop  of 3 M ammonia and
1 drop of  d lmethylglyoxlme.  A red p r e c i p i t a t e  
shows the nresence o*' n ' c k e l ,  A blank Is ad­
v i s a b l e ,  s'.noe Iron(TT) g i v e s  a s o l u b l e  red 
co^Dlex with d lmethylglvox l i re .
The t e s t  can a l s o  be run on f i l t e r  paper.  
The ammoniun f l u o r i d e  Is omitted  and the s o l ­
uble  r e d  c o l o r  of  the l r o n ( I I )  complex can be 
washed out of the so o t  with water .
Cadmium
M a t e r i a l s :  h y d r a z i n e  s u l f a t e :  s o l i d  
e rm o n la :  3 Y s o l u t i o n
b r u c i n e - v e r s e n a t e  s o l u t i o n :  3°  m is .  o f  s a t u r a t e d  
d lso d iu m  v e r s e n a t e  s o l u t i o n ,  0 .7  g .  o f  b r u c i n e .  
To t h i s  s o l u t i o n  add 6 H h y d r o c h l o r i c  a c i d  d rop -  
w is e  u n t i l  f r e e  EDTA J u s t  b e g i n s  t o  c r y s t a l l i z e  
(8 -  10 d ro p s )
p o ta s s iu m  I o d id e :  s a t u r a t e d  aqueous  s o l u t i o n
a c e t i c  a c i d :  6 P s o l u t i o n
P ro c e d u re :  To 5 -  6 d rops  o f  t h e  t e s t  s o l u t i o n  In  a sm a l l
t e s t  t u b e  add a p inch  o f  s o l i d  h y d r a z i n e  s u l f a t e  
an d  make t h e  m ix tu re  s l i g h t l y  a l k a l i n e  w i th  am­
monia s o l u t i o n .  Shake w e l l ,  a l l o w  t o  s t a n d  f o r  
a b o u t  a m inute  and c e n t r i f u g e .  P l a c e  1 d ro p  of 
t h e  c e n t r i f u g a t e  on a b l a c k  s p o t  p l a t e ,  add  1 
d ro p  of  a c e t i c  a c i d ,  s t i r ,  t h e n  one d rop  of th e  
b r u c i n e - v e r s e n a t e  r e a g e n t ,  a t l r  a g a i n  and add 
1 d ro p  o f  p o ta s s iu m  Io d id e  s o l u t i o n .  Do n o t  
s t i r ,  A w h i te  p r e c i p i t a t e  I n d i c a t e s  t h e  p re sen o e
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of  cadmium, M e r c u r y ( I I )  I s  removed by th e  
h y d r a z i n e  s u l f a t e .  O th e r  i n t e r f e r e n c e s  a r e  
masked by th e  v e r s e n a t e .  A b l a n k ,  c o n t a i n i n g  a l l  
th e  o t h e r  lone o f  t h e  g ro u p ,  i s  a d v i s a b l e .
T h is  t e s t  f o r  cadmium has  n o t  been p u b l i s h e d  
and w i l l  be d i s c u s s e d  more f u l l y  in  t h e  Appendix 
of  t h i s  d i s s e r t a t i o n .
THE AMPHOTERIC OHOUP: T I N ( I I ) ,  ZINC, ARSENIC
T here  i s  no g ro u p  p r e c i p i t a t e  h e r e .  The f o l l o w i n g  
t e s t s  a r e  ru n  on t h e  c e n t r i f u g a t e  from t h e  n o n -a m p h o te r ic  
g ro u p  s e p a r a t i o n .
T in
M a t e r i a l s :  h y d r o c h lo r i c  a o i d :  c o n c e n t r a t e d
o a c o t h e l l n e :  s a t u r a t e d  a q u e o u s  s o l u t i o n  
P ro o e d u re :  To one d rop  o f  t e s t  s o l u t i o n  on a w h ite  Bpot
p l a t e  add one d rop  o f  c o n c e n t r a t e d  h y d r o c h lo r i c  
a c i d  and  one d ro n  o f  o a c o t h e l l n e  s o l u t i o n .  A 
p u r p le  o o lo r  I n d i c a t e s  t h e  p re s e n o e  o f  t l n ( I I ) .
Z in c
M a t e r i a l s :  ammonium t e t r a t h i o o y a n a t o m e r o u r l a t e ( I I ) :  D is s o lv e  
8  grams o f  m e rc u r ic  c h l o r i d e  and  9 grams o f  am­
monium th lo c y a n a t e  In  100 m is .  o f  w a te r .  Allow 
th e  s o l u t i o n  t o  s t a n d  f o r  a day b e f o r e  u s i n g .
o o b a l t  c h l o r i d e :  0 , 1  H s o l u t i o n  
P ro c e d u re :  On a w h i te  sp o t  p l a t e  p l a c e  a d rop  o f  t e s t  s o ­
l u t i o n .  D ip a  clean s t i r r i n g  ro d  I n to  o o b a l t  
ohlorlde so lu tio n , shales the  rod t o  remove most
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of  t h e  s o l u t i o n  and touch  I t  to  th e  s u r f a c e  o f  
t h e  t e s t  d ro p .  Now add a d rop  of ammonium t e t r a -  
t h l o o y a n a t o m e r e u r l a t e { J T ) s o l u t i o n .  A b lu e  p r e ­
c i p i t a t e  i n d i c a t e s  t h e  p r e s e n c e  of  z i n c .  Ad­
s o r p t i o n  of c o b a l t  Ions on th e  s u r f a c e  o f  t h e  
z in c  p r e c i p i t a t e  g iv e s  t h e  b lu e  c o l o r .  I f  t h e  
c o b a l t  s o l u t i o n  i s  r e p l a c e d  by one o f  c o p p e r ,  t h e  
p r e c i p i t a t e  Is a l a v e n d a r  c o l o r ,
A rs e n lo
M a t e r i a l s :  s u l f u r i c  a c i d :  6 N s o l u t i o n  
z i n c :  a r s e n i c  f r e e  g r a n u le s  
s i l v e r  n i t r a t e  s o l u t i o n
P ro o e d u re :  T h is  i s  t h e  a r s l n e  t e s t .  I t  oan  be c a r r i e d  o u t  
In  a t e s t  tu b e  o r ,  a s  f o l lo w s ,  In  a s p o t  p l a t e .  
P la o e  a few g r a n u le s  o f  z in c  In  th e  d e p r e s s io n  
o f  a s p o t  p l a t e ,  add  s e v e r a l  d rops  o f  s u l f u r i c  
a c i d ,  and  c o v e r  th e  d e p r e s s io n  w ith  a one h o le  
ru b b e r  s t o p p e r .  Through th e  h o le  In t ro d u c e  a 
d ro p  o f  t e s t  s o l u t i o n  and q u ic k ly  co v e r  t h e  h o le  
w i th  a f i l t e r  p a p e r  s p o t t e d  w i th  s l i v e r  n i t r a t e  
s o l u t i o n .  A g re y  t o  b la c k  s p o t  I n d i c a t e s  t h e  
p re se n o e  o f  a r s e n l o .
APPENDIX
A NEW SPOT TEST POE CADPIUW
57
58
A NEW SPOT TEST POH CADFIUF
The d e t e c t i o n  and c o n f i r m a t i o n  o f  cadmium has lo n g  been 
a t r o u b l e  s p o t  In  q u a l i t a t i v e  a n a l y s i s  schemeB. The ye l lo w  
c o l o r  o f  t h e  s u l f i d e  I s  u s u a l l y  employed, b u t  t r a c e s  of 
c o p p e r ,  m e rcu ry ,  o r  o t h e r  m e ta l s  g i v i n g  I n s o l u b l e  s u l f i d e s ,  
I n t e r f e r e  by m asking  th e  y e l lo w  c o l o r .
P ro c e d u re s  of o th e r  cadmium t e s t s  can  be found In  
F e i g l  ( 9 ) .  The f i r s t  o f  t h e s e ,  much more s e n s i t i v e  th a n  
th e  s u l f i d e  t e s t  b u t  B ub jeo t to  t h e  same I n t e r f e r e n c e s ,  
makes u s e  o f  t h e  r e a c t i o n  betw een  th e  I r o n ( I I )  e ^ - d i p y -  
r l d y l  o a t I o n  oomplex and th e  t e t r a l o d o  cadmium a n io n  complex 
t o  g iv e  a n  I n s o l u b l e  r e d  compound. O th e r  t e s t s  a r e  b ased  
on t h e  c o l o r e d  l a k e s  form ed when cadmium h y d ro x id e  i s  p r e -  
o l p l t a t e d  In  t h e  p re s e n c e  o f  p -n l t r o d la z o a m ln o b e n z e n e ,  d l - $ -  
n a p h th y lc a rb e z o n e  o r  d i - p - n i t r o p h e n y l c a r b a z i d e .
O f f e r e d  h e r e  I s  a n  a d d i t i o n a l  t e s t  w hich  may p rove  
u s e f u l  f o r  t h e  d e t e c t i o n  o f  oadmlum, e s p e c i a l l y  In  th e  p r e ­
s e n c e  o f  a e r o u r y d l ) .and copper  ( I I ) .
Fa t e r  m i s  .and P ro o e d u re  
F a t e r l a I s :  h y d r a z in e  s u l f a t e :  s o l i d
b r u o ln e  a l k a l o i d :  s o l i d
d lso d iu m  v e r s e n a te :  s a t u r a t e d  aq u eo u s  s o l u t i o n
p o ta s s iu m  Io d id e :  s a t u r a t e d  aq ueous  s o l u t i o n
h y d r o o h lo r lo  a o d l :  6 H s o l u t i o n
m e e t lo  m old: 6  F s o l u t i o n
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ammonia: 3 ^ s o l u t i o n
b r u c l n e - v e r s e n a t e  r e a g e n t :  d i s s o l v e  0 ,7  g .  o f
b r u c i n e  a l k a l o i d  In 30 nils ,  o f  s a t u r a t e d  d lsodium 
v e r s e n a t e  s o l u t i o n .  Add d ro p w lse  w i t h  B t l r r l n g  
6 F h y d r o c h l o r i c  a c i d  u n t i l  f r e e  e t h y l e n e d la m e n e -  
t e t r a a c e t l c  a c id  J u s t  b e g in s  t o  c r y s t a l l i z e .
P ro c e d u re :  (a )  Removal of I n t e r f e r e n c e s : I n  a sm a l l  t e s t
tu b e  p l a c e  5 - o d rops  of th e  a c i d i c  s o l u t i o n  t o  
be t e s t e d  f o r  cadmium. Add a p in ch  (an  amount 
a p p r o x im a te l y  e q u i v a l e n t  In volume t o  a match 
h ead )  o f  s o l i d  h y d ra z in e  s u l f a t e  and s h a k e .
U s in g  3 * ammonia make th e  m ix tu r e  s l i g h t l y  a l ­
k a l i n e .  A g i t a t e  f o r  30 se co n d s  and c e n t r i f u g e .
A d ro p  o f  th e  c l e a r  c e n t r i f u g a t e  i s  u se d  f o r  th e  
d e t e c t i o n  o f  cadmium,
(b )  D e te c t i o n  o£ cadmium: On a  b la c k  s p o t  p l a t e
p l a c e  a d ro p  o f  c e n t r i f u g a t e  from ( a ) .  Add a 
d ro p  o f  6 F a c e t i c  a c id  and  1 d ro p  o f  b r u o ln e -  
v e r s e n a t e  r e a g e n t .  F ix  th o r o u g h ly .  Add 1 d rop  
o f  p o ta s s iu m  Io d id e  s o l u t i o n .  Do n o t  a t l r .  A 
W hite p r e c i p i t a t e ,  a p p e a r in g  im m ed ia te ly  o r  w i t h i n  
10  s e c o n d s ,  I n d i c a t e s  th e  p r e s e n c e  o f  cadmium.
I d e n t i f i c a t i o n  l i m i t :  2 micrograms o f  cadmium
L im i t in g  c o n c e n t r a t i o n :  1 : 5 0 ,0 0 0 .
D is c u s s io n
The p r e c i p i t a t e  i s  th e  compound form ed b e tw een  t h e  a c i d  
c a t i o n  o f  t h e  a l k a l o i d  and th e  t e t r a l o d o  cadmium a n i o n .
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O ther  m e ta le  which form lodo complexes g iv e  th e  same r e ­
a c t i o n .
The t e s t  Is  made a lm o s t  s p e c i f i c  f o r  cadmium by th e  
p r e - t r e a t m e n t  w i th  h y d ra z in e  s u l f a t e  and th e  p r e s e n c e  of 
v e r s e n a t e  in  t h e  f i n a l  t e s t  m ix t u r e .  M e r c u r y ( I I ) ,  and o th e r  
m e ta l s  which r e a c t  w i th  b r u c i n e ,  a r e  r ed u ced  by t h e  h y d ra ­
z in e  s u l f a t e  and  removed from th e  s o l u t i o n ,  w h i le  t h e  cad ­
mium i s  l e f t  unchanged .  Lead i s  removed a s  th e  s u l f a t e  
and th e  r e m a in in g  i n t e r f e r e n c e s  a r e  i n a o t l v a t e d  by complex- 
a t l o n  w i t h  th e  v e rB e n a te  io n .
I n t e r f e r e n c e  S t u d i e s
Two s e r i e s  o f  I n t e r f e r e n c e  s t u d i e s  were made. I n  th e  
f i r s t ,  th e  t e s t  p ro c e d u re  was fo l lo w e d  e x a c t l y ;  In  th e  
seco n d , th e  h y d r a z in e  s u l f a t e  t r e a tm e n t  was o m i t t e d .  The 
s t u d i e s  were c a r r i e d  o u t  on 1 d ro p  sam ples  c o n t a i n i n g  a p ­
p ro x im a te ly  25 m icrogram s o f  p o s s i b l e  i n t e r f e r i n g  s u b s ta n o e  . 
and  th e  same amount of cadmium.
S u b s ta n o e a  show ing no I n t e r f e r e n c e :
Be, Rb, Ca. S r ,  Kg. Ba, Zn. I n ( I I I ) ,  L a , C e ( I I I ) ,  
C e i lV ) ,  S n ! IV ) , I r i l V ) ,  A s ( I I I ) ,  A s(V ), H u ( I I I ) ,  
F e ( I I ) ,  F e ( I I I ) , C o ( I I ) ,  N i, T i ( I I I ) ,  A l ,  T l ( I V ) ,  
K0O5 - ,  CIO3 , GO  ̂ , B O ™ , HO3 , T~, SIO3" .
S u b s ta n c e s  showing i n t e r f e r e n c e  b e f o r e  t h e  h y d r a z in e  
s u l f a t e  t r e a t m e n t ;  b u t  n o t  a f t e r  suoh  t r e a t m e n t :
F b ( B l ,  S b ( I I I ) ,  H g ( I I ) ,  C u t I I ) ,  Ag, A u ( I I I ) ,
H g ( I ) , KOj, KnOj, Cr20j , IO3 , D<JJ.
S u b s ta n c e s  show ing i n t e r f e r e n c e  b o th  b e f o r e  an d  a f t e r  
th e  h y d r a z in e  s u l f a t e  t r e a tm e n t :
n ( I ) ,  S n ( I I ) ,  WOJ", SeO j“ , T eo jj" .
S e l e n a t e  and  t e l l u r a t e  Iona a r e  r e d u ce d  to  t h e  e l e ­
ments by h y d r e z l n e  s u l f a t e ,  and thuB removed, In an  a c i d i c  
medium b u t  no t  i n  t h e  ammoniacal medium of the  t e s t  p r o ­
ce d u re  .
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